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EXTRACT 

FROM TUB 

PREFACE TO THE FIRST EDITION. 



The compiler of the following pages deems no apology 
necessary for offering to the public another work on 
Natural Philosophy. Of the several works on this subject 
now before the public, and with the same general design 
as the. present, each one, no doubt, possesses its own 
peculiar excellencies, and is adapted, more or less, to aid 
in advancing the great cause of education ; but in the 
multitude of seminaries of learning, of different grades, in 
our country, considerable variety in the text-books used 
is absolutely necessary. Without claiming for the pres- 
ent work, therefore, superiority in every respect over 
others that have appeared before it, it is believed that an 
appropriate place will be found for it, as an assistant in 
promoting the cause of general education. 

As the work professes to be only a compilation, little 
or nothing that is new or original is, of course, to be ex- 
pected in it ; but, while the compiler has freely used the 
works of others, he has generally given his own illustra- 
tions, seldom adopting their language, and never, except 
when it happened to accord perfectly with his own modes 
of thought and expression. This has been done, not 
from a desire of being unlike others, but with the hope 
•of being able thus to condense more within the hmits of 
the work, and to preserve a greater uniformity of style. 
During the preparation of the work, the peculiar wants 
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of those for whom it is specially designed have been con- 
stantly kept in mind ; and the ^writer is not without hope, 
from his long experience in teaching, that it may not be 
found altogether unsuited for the use of those to whom it 
is more especially offered. At the same time it is believed 
that it will be found adapted to the wants of such general 
readers as are seeking solid instruction, rather than mo- 
mentary gratification. 

In the author's work on Chemistry, the subjects of 
Heat, Galvanism, and Electro-Magnetism are treated of 
at length ; and it was, therefore, considered entirely un- 
necessary to introduce them into the present, which is 
designed to accompany the former, the two together 
forming a connected treatise. It may, indeed, be ob- 
jected that these topics belong rather to Natural Philoso- 
phy than to Chemistry ; but they are, in fact, so inti- 
mately related to both of these branches, that, to the 
student, it matters little with which they are more partic- 
ularly associated, while the public lecturer, because of 
the constant use of acids required in performing the ex- 
periments in Galvanism and Electro-Magnetism, will find 
it much the most convenient to discuss these subjects, at 
least, in connection with his course of lectures on Chem- 
istry. And if we were compelled to draw a line between 
these two branches of science, so as to make each as in- 
dependent of the other as possible, we should be obliged 
to make the same division ; since a course of study in 
Natural Philosophy will be quite complete, as far as it 
goes, without including the doctrines of Heat or Galvan- 
ism, both of which, however, lie at the very foundation 
of a Chemical course, and can not be dispensed with in 
the most elementary treatise on the subject. It is be- 
lieved, therefore, that the division adopted is not only 
theoretically correct, but that it will be found, in prac- 
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tice, more convenient than any other to the teacher, and 
more advantageous to the student. 

In the articles on Electricity and Magnetism, and per- 
haps in a few other instances, persons making use of 
both works will observe a little repetition, but not so 
much as to occasion any inconvenience. 

The following is a list of the works chiefly made use 
of in compiling the present volume, viz. : — Elements of 
Natural Philosophy, by Dr. Golding Bird ; the Treatises 
on Mechanics, Hydrostatics, Pneumatics, Optics, Optical 
Instruments, Polarization of Light, Electricity and Mag- 
netism, in the Library of Useful Knowledge ; the Trea- 
tises on Mechanics, Hydrostatics, Pneumatics, Sound, 
&c., in the Encyclopedia Metropolitana ; Cours de Phy- 
sique de I'Ecole Polytechnique, par G. Lame ; a Trea- 
tise on Hydrostatics and Pneumatics, by Dr. Lardner ; 
a Treatise on Optics, by Sir David Brewster ; a Treatise 
on Mechanics, by Capt. Henry Kater and Dr. Lardner ; 
The Philosophy of Sound and Musical Composition, by 
W. Mullinger Higgins ; a Manual of Electricity, Mag- 
netism and Meteorology, by Lardner and Walker ; Ex- 
perimental Researches in Electricity, by Sir M. Fara- 
day ; and Scientific Dialogues, by Rev. J. Joyce. Be- 
sides these, occasional reference has been made to a 
few other works, as the Encyclopedias, Scientific Jour- 
nals, &c. , 
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TO THE PRESENT 



REVISED EDITION. 



The present edition has been carefully revised 
and much of it re-written, in the hope — well as 
the former editions have been received — of adapt- 
ing it still better to supply the wants of those for 
whom it is designed. It is printed, too, in large 
and clear type, and many new illustrations have 
been added ; and whatever has occurred within 
the last few years that is useful and important has 
been incorporated in it. 

By the above extract, it will be seen, that this, 
with the Author's larger work on Chemistry, is de- 
signed to constitute a continuous course of these 
two important branches of science; and reasons 
are given for the particular division between 
them which has been made. Since that was 
written the Author has been induced to publish a 
smaller work on Chemistry, chiefly an abridge- 
ment of the former, but discussing the same gene- 
ral topics ; with which, also, the present work 
will be found to form a connected treatise. In 
confident expectation that it will be found a use- 
ful aid in the cause of popular education, it is 
committed to a discerning public. 

MiDDLETowN, C'f., March 13, 1851. 
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CHAPTER I. 

MECHANICS. 

MATTER AND ITS PROPERTIES. 

1. First Principles.— QKatter is the general name for 
/ every thing or substance that has length, breadth, and 

thickness, and which is capable of affecting the senses.! 

2. It is the object of Natural Philosophy{to make us 
• acquainted with the various qualities or properties of 
'■ matter, and the manner in which different masses of it 

affect each other.) 

3. There are certain general properties which are 
common to all kinds of matter, as magnitude, figure or 
form, impenetrability, inertness,' divisibility, attraction, 
&c. .. But before proceeding to the discussion of these, 

-several mathematical terms, that will sometimes occur, 
must be explained. 

4. A point is supposed to be without length, breadth, 
or thickness ; a mere division between two lines.) 

^ line is mere length without breadth or thickness ^ it 
is indeed a mere division between two surfaces, as two 
pieces of paper, the edges of which we may suppose in 
contact. 

A surface is supposed to have length and breadth with- 
oiit thickness,^ and may be considered as dividing two 
solids wich are in contact. 

(A plane is a surface on which, if a straight line be 
placed, it will touch at every point,' 

f A solid is a body having length, breadth, and thickness.^ 

Question 1. What !s matter f 2. Wliat is the object of Natural Philosophy'! 3. 
What are some of the general properties of matter? 4. What is a poz«; ? Aline? A 
surface 7 A solid 1 An angle t A right angle ? An acute angle 1 An obtuse angle ? 
How are angles measured ? 



12 



NATURAL PHILOSOPHY. 



An angle is the opening made by two straight lines 
which meet at some point. \ 



Thus, the openmg A, made by 
the two lines B C and C D, is 
called the angle A, or, the angle 
BCD, which means the same. 




Angle. 



S 



Right Angles. 



'When one of the lines meets the 
other so as to make equal angles 
on each side of it, those angles are 
said to be right angles. :■ The angles 
ABC and A B D are right angles. 




Obtuse Angle. 



An angle greater than a right angle] as 
ABC, is called an obtuse angle /one less 
than a right angle, as the angle)B C D in 
the first figure, is called an acute angle. 



JdeasuTement of Angles. 



^The magnitude of an angle is 
usually estimated by the part of 
the circumference of a circle in- 
cluded between its sides, suppos- 
ing the point of meeting of the 
two lines to be at the centre. 
The whole circumference for this 
purpose is supposed to be divided 
into 360 parts, called degrees. 
Therefore A C B is an angle of 
45 degrees, (usually written 45°,) 



and A C D an angle of 90°. So B C E is an angle of 1 35°. 
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ESSENTIAL AND INOIDENTAI. PROPERTIES OF MATTER. 

5. Upon examining the various properties of bodies, 
we observe, that several of them are essential to and in- 
separable from every form of matter. Such are magni- 
tude, form or figure, and impenetrability. We can not 
even conceive of a particle of matter existing without 
these. They are therefore called the essential properties 
of matter. 

6. Other properties are considered as secondary or inci- 
dental, as , attraction, color, divisibility, inertia, hardness, 
elasticity, fiexihility, &c^, 

'^1. By the magnitude or extension of a body, we mean 
its length, breadth, and thickness, or its power of occupy- 
ing a certain portion of space, without which we of 
course can not conceive it to exist.' And as the space 
occupied by a body must be limited, every body or por- 
tion of matter must possess some form or figure, which 
is only the limits of extension. 

8. , By the impenetrtibility of matter, we mean that one 
portion of it will not permit another portion to occupy 
the same space at the same timeJ There are three kinds 
or forms of matter, as we shall see more fully hereafter: 
viz., solids, as /gold, iron, wood,]&c. ; liquids, as water, 
oil, mercury, (Sec. ; and the gases, as the air which con- 
stantly surrounds us, carbonic acid, &c. 

Now solids, we know by daily observation, will not 
allow other bodies to occupy the same space with them- 
selves, at the same time ; and the same may be shown of 
liquids and gases. [When a stone or other heavy solid is 
thrown into water, it sinks into it, but it first pushes 
away or removes the water in order to make room for 
itself. So, if we turn a glass tumbler bottom upward, 
and press it down perpendicularly into a vessel of water, 
the water does not rise and fill it, because of the air it 
contains. It does indeed rise a little in the tumbler, be- 

QuESTiON 5, 6. What incidental properties of matter are mentioned 1 7. Wliat is 
Dieant by the magnitude of a body % a. What is meant by the impenetrahility of mat- 
tor 1 what three forma of matter are there 1 How is ii shown that water ^and air are 
impeaetrable I 
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cause the air is compressed together, but no force can 
make the water fill the glass entirely, unless the air is 
first allowed to escape. , 

9. ('By the inertia of matter is meant its inability to put 
itself in motion, or to stop itself when once put in motion. 
It is simply resistance to a change of state, whether of 
rest or motion.) eThus a body, as a cannon-ball, being 
once at rest, would ever remain so unless acted on by 
some external force j so when once put in motion, as 
when it is fired fro^ the cannon, were it not for the re- 
sistance it meets with from the atmosphere and other 
causes, it would continue to move forever with the same 
uniform velocity. 

This of course can not be demonstrated, though it is no 
doubt true. A body put in motion by man does indeed 
soon come to a state of rest, but the continuance of its 
motion depends greatly upon the resistance it meets with, 
the motion continuing longer in proportion as the resist- 
ance is less. Thus a body will move longer on smooth 
ice than on a floor, and longer through the air than on 
smooth ice. If all resistance, therefore, could be removed, 
we infer the motion of the body would be perpetual. 

The inertia of matter is well 
illustrated by the accompany- 
ing piece of apparatus made by 
Mr. Wightman of Boston. A 
stiffcard and ball. A, are placed 
on the top of a pillar, as repre- 
sented in the figure ; then, by 
pressing down the part B by 
the thumb, a spring, S, is made 
to strike a smart blow against 
the edge of the card, so as to 
remove it from its place, while 
the ball remains still in its po- 
sition. This is occasioned by the inertia of the ball, which 
is such that it is not overcome by the friction of the card 
while passing from under it. 

QnasTioN 9. What is meant by the inertia of matter 1 What is the reason that a 
body once put in motion does not continue to move forever 1 




To illustrate Inertia. 
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10. Divisibility. — Every portion of matter with whicli 
we aic acquainted is capable of being separated or divided 
into parts ; Jut it is believed that every body is made up 
of an immense number of particles or atoms whicn are 
almost inconceivably minute, and entirely incapable of 
destruction or division) (These particles are so very 
small, that no glass, however great its magnifying power, 
has yet been able to show them.Vor is any thing really 
known of their form or dimensions ; but yet it is believed 
there is sufficient proof of their existence. 

But matter, though composed of minute, unchangea- 
ble particles, is divisible to a surprising extent. AAn 
ounce of gold can be drawn into a wire several miles in 
length, and yet no flaw or evidence of separation between 
its atoms' can by any means be discovered.) So gold leaf 
may be beaten out with the hammer so thin that 360,000 
of them will be required to equal an inch in thickness ; 
and in the form of gilding for silver- wire it is often much 
thinner than this. An exceedingly small portion of the 
substance called strychnia will diffuse itself through a 
whole pint of water, and render every drop bitter ; and a 
single grain of hyposulphite of silver, mixed with a little 
aqua ammonia, will sweeten 32,000 grains of water. /A 
few years ago a woman in England spun a single pound 
of wool into a thread 168,000 yards, or n%arly 100 miles 
in length.^ And the thread by which the spider lets itself 
down, though so small as scarcely to be visible to the 
naked eye, is said to be composed of several thousand 
separate fibers. 

But it is in the case of Odoriferous bodies) probably, that 
we have the most extreme division of matter. A small 
piece of musk or camphor will fill a room with its parti- 
cles, which are constantly thrown off" and float in the 
atmosphere, for a great length of time without losing a 
perceptible portion of its weight. 

11. {There are animalcules so small that a single drop 

Question 10. Is every portion of matter capable of bein^ separated or divided into 
parts t Are their ultimate particles or atoms incapable of division 1 Can these parti- 
cles be made visible to the eye? What is said of the divisibility of goldl Into how 
long a thread has a pound of wool been spun ? In what bodies do we have the most 
ejttreme division of matter? 

2* 
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of water may contain more than 26,000 of them ; and 
150,000,000 would have ample room in a tumbler of wa- 
ter to perform alj[, their evolutions without interfering 
with each other. \ It is to be remembered, too, that each 
of these minute beings must have its various organs of 
circulation, respiration, locomotion, &c.) How incon- 
ceivably small then must be the particles of which their 
bodies are composed ! 

12. [The particles of which all bodies are composed 
possess another property called attraction, which causes 
them to adhere together with greater or less force. This 
is called the attraction of cohesion. We know nothing 
of its cause, but give the name to the force by which the 
particles of bodies are held together. 

13. ;There are also other varieties of attraction, as the 
attraction of gravitation, capillary attraction, electrical 
attraction, magnetic attraction, and chemical attraction 
or affinity.') Electrical and magnetic attraction will be 
treated of under electricity and magnetism respectively, 
but the discussion of affinity belongs exclusively to 
chemistry. 

V_ 14. Cohesion. — All bodies being composed of particles 
of incalculable minuteness which are capable of being 
separated from each other, it follows that there must be 
'"^ome force by-SHrFtae^el^which solid bodies maintain their 
form, and their parts are preserved from being scattered 
like those of fluids merely by their own weight. This 
force is called cohesion, or sometimes the attraction of co- 
hesion. It is/the force by which the parts of all bodies 
are prevented from separating from each other, and fall- 
ing to pieces; 'land when a body is broken^it is this force 
which is overfcome.^; It is exerted onlyjwhen the particles 
are apparently in contact, or the distance between them 
is insensible. , Thus,\ if two drops of mercury are brought 
near each other on a, plate of glass, they remain separate 
■ ' ^ " ' ~t 

Question 11. How many animalcules may be contained in a single drop of ■wafer 1 
Miibt each of these have the different organs of respiration, circulation, &c. 7 11. What 
is meant by attraction? 13. What varieties of attraction are mentioned? 14. What 
is cohesion 7 What force is overcome when a body is broken? At what distance only 
is it exerted) How is this shown by two drops of mercury on a plate 7 How is it 
shown by a metallic plate suspended from a balance on the surface ofwaterl Will two 
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Cohesion of Water. 



until they approach so near each other that they appear 
to touch, when they immediately unite and form a single 
globule./ 

If a plate of metal 
or glass be suspended 
in a balance, and ex- 
actly counterpoised 
by weights, as in the 
figure, a slight addi- 
ditional weight at A 
will cause the plate C 
to rise ; but if now a 
basin of water, B, is 
put under it, so that 
it shall just touch the 
surface of the water, 
it will be found that a considerable additional weight will 
be required at the opposite end of the beam to detach the 
plate from the fluid surface, in consequence of its cohe- 
sive attraction}_ /So two plates of glass finely polished 
and a little moistened, when pressed firmly together, ad- 
here with considerable force.Nflf two lead bullets are each 
scraped clean on one side and pressed together, one of 
them being turned or twisted a little at the same time, 
they may be made to unite so firmly that it will require 
a force equal to a number of pounds to separate them. 
Two freshly cut surfaces of caoutchouc or India rubber," 
when firmly pressed or hammered together, if perfectly 
dry and warm, will cohere almost as firmly as if they 
originally formed but one piece. 

In liquids (this force is feeble,) though, as we have seen, 
it is not wanting. It is this which causes the drop of 
water to adhere to the lip of the vessel from which it is 
poured, and to trickle down the side instead of dropping 
perpendicularly downward, as would be the case if no at- 
traction existed between the solid of which the vessel is 
composed and the liquid. It is -this force, indeed, which 



plates of polished glafjs adhere with considerable force? How may two lead balls b» 
made to adhere ? Is there any cohesion among the particles of liquids? How is th« 
presence of cohesion in liquids shown? 
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causes water to wet any other substance, as this efFect 
could not be produced but for its existence. 

15.( Sometimes, when the bodies that adhere are of dif- 
ferent kinds, as in the case of the metallic plate and the 
water above described, or in the case of the silvering up- 
on the back of a looking-glass, the term adhesion is used^ 
leaving the term cohesion to be applied only to those in^ 
I stances in which the particles are of the same kind ; but 
j the distinction is unimportant. 

i^-^16. Capillary Attraction.-^ThaX force by which water 
or other liquids are made to rise in very small tubes is 
called capillary attraclion.\ The effect of the same force 
is also seen'whenever a plate or rod of any substance is 
plunged into a fluid capable of moistening it, as a plats 
of glass in water, by the rise of a small portion of the wa- 
ter against its sides, as if attracted by the glassl\ 

Thus, let A B be the level 
surface of the water in a ba- 
sin, C a section of the glass 
3 plate, one edge of which is 
plunged vertically into the 
water. , The water, as every 
one has observed, will rise a 
Rise of Fluid. little above the level surface 

against the sides of the glass 
plate,! as represented by the dotted curved lines in the 
figure. The same effect is also seen in the similar rise 
of the water around the sides of a tumbler or other ves- 
sel containing it, and indeed in most liquids, when con- 
tained in vessels in ordinary use. In order that it may 
take place, it is only necessary that the liquid should be 
of such a nature as to be capable of moistening the sub- 
stance of which the vessel is formed." 

But these phenomena ai-e best observed ^by using small 
glass tubes, and water colored with ink or other coloring 
matter. ■? The smaller the bore of the tube is, the higher 
the water will rise. 

Question 15. When has the term adhesion been used 1 16. What is capillary attrac- 
tion 1 How is it shown when a plate or rod is plunged into a liquid 1 Does the water 
always rise a little around the sides of vessels in which it is contained 7 In order that 
this rise may take place, what only is necessary 1 How are the phenomena of capillary 
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Capillary Attraction 



This is shown in the accompa- 
nying figure, in which A B C D rep- 
resent several tubes of different 
bore, open at both ends, and im- 
mersed in water, and II II, the 
heights to which the water rises in 
them severally. It attains the 
greatest height in small hair-like 
tubes ; and hence the force which 
C'duses the rise is called capillarity, or capillary attraction, 
from the Latin word capillus, a'hair. 

The height to which water will rise in tubes of the 
same bore(is always the same ;^but of other liquids, as oil 
of vitriol, alcohol, or solution of common salt, some will 
rise higher, and others not so high.\ 

'This force is also exerted between two plates,\when 
brought sufficiently near each other, and immersed in a 
fluid. 

The experiment is best per- 
formed by taking two pieces of 
glass, A and B, an inch and a 
half wide, and two inches long, 
and placing them in a trough of 
colored water, D, with two of 
the edges in contact, as at C, 
while the opposite edges are a 
little separated. The two plates 
will then make a small angle with each other, and the 
water will be observed to rise to a considerable height on 
the side C, where the plates touch each other, and grad- 
ually to fall toward the other side, forming the well- 
known curve called the hyperbola. 

If a drop of water be placed in a small conical tube^ 
by the force of capillarityfit immediately begins to move 
toward the smallest.end of the tube, whatever may be its 
position. ] 

attraction best observed 1 On what does the height to which the liquid will rise de- 
pend! will a liquid always rise to the same height in tubes of the same bore 1 Will 
all liquids rise to the same heightl Will this force be exerted between two nlatesl 
What is the effect when a drop of water is placed in a conical tube? How is the rise 
of water in a sponge or piece of cloth explamedl How may such porous sabstancei 




Rise of Liquid. 
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It is by this force of capillarity that water rises in a 
piece of sponge, or cloth, or other similar substance, as 
oil in the wicks of lamps, &c., which may be considered 
as a collection of a great many short capillary tubes, pro- 
miscuously thrown together.' fBy the same force water 
is raised from the depth of several feet beneath the sur 
face of the earth, to keep the soil moist, from which it is 
constantly evaporating by the heat of the sunA (Were it 
not for this provision of nature, the surface of*^tne earth 
would often become so thoroughly dry and parched, dur- 
ing the long intervals that occur without rain, that all 
vegetation must necessarily be destroyed. ' But the water 
which accumulates beneath the surface during rains, is 
preserved there as in a seservoir, and gradually rises by 
capillarity as it is needed to supply the constant wants 
of vegetation. 

To illustrate this point,[take a piece of glass tube, open 
at both ends, and not less than half -an inch in diameter, 
find from twelve to eighteen inches long, and support it 
as nearly as may be in a perpendicular position, in a shal- 
low vessel capable of holding water. Then, after stop- 
ping the lower end loosely, fill the tube with perfectly dry 
sand or loam, and pour into the basin some water ; it will 
be seen that the water will gradually rise in the tube, 
moistening the sand until it reaches quite to the top, 
though, if the tube is eighteen or twenty inches long, it 
may require several days for the purpose.^ 

(Capillary attraction , is in some instances made to exert 
great force.} A weight suspended by a rope perfectly dry, 
will be drawn up a considerable height, if the rope is 
moistened with water. The fibers of the rope pass spi- 
rally around it, and their swelling by absorbing the wa- 
ter, which is due to capillary attraction, necessarily occa- 
sions a contraction in its length. If the rope is sufficiently 
strong, it may be made in this way to lift several hundred 
pounds, 

17. When a solid is immersed in a liquid which will 

be considered % How may we account for the rise of the water in the soil from the 
deptli of several feetl Is this an important provision of nature? How may the risa 
of water in the soil be illustrated by means ofa tube filled with sandl Is capillary at- 
traction exerted with any considerable forcel 



MECHANICS. 21 

not adhere to it so as to moisten it, then, instead of ai 
elevation of the liquid, we see a depression.) This is the 
case with mercury in a glass vessel, all around the sides 
of which a depression will always be observed. When, 
therefore, a capillary glass tube is plunged into a vessel 
of mercury, the fluid metal will not rise so high in it as 
the surface of that contained in the vessel. 

It is on this principle that a small sewing-needle may 
sometimes be made to float upon the surface of water, 
;_To insure success in the experiment, the needle should 
first be oiled slightly and wiped clean, and then placed 
very carefully upon the surface of the water.) The per- 
spiration of the hand is of sufficiently oily a nature to 
prevent the water from adhering to the needle ; or it may 
be rubbed upon the hair, and then wiped clean. If the sur- 
face of the needle is once moistened, it immediately sinkf 
/'Some insects are enabled to walk upon the surface ol 
water by means of this repulsion between their feet ana 
legs and the water .^ iThe same repulsion is seen in drops 
or even large globules of dew that are often observe! 
standing upon the leaves of plants, particularly the cab- 
bage. \ When the leaf is moved, the globules of watei 
will often roll ofl" quite unbroken, leaving the leaf of the 
plant dry. 

18. A slight modification of the action of this same 
force is seen in the attractions and repulsions which take 
place between two balls, or other light substances, when 
thrown upon the surface of water or other liquids. (When 
two balls, both of which are capable, or both incapable, 
of being wet with water, are made to float upon the sur- 
face of this liquid, if they come within a certain distance 
of each other, they are observed to rush together, as 
though an attraction existed ■ between them.] (Balls of 
wax or wood will answer for the purpose.) 

A and B, in the following figure, are supposed to be 

QOESTION 17. What is Ihe effect when a solid is immersed in a liquid which is noi 
capable of moistening it 1 How may a small sewing-needle be made to float upon wa- 
ter 1 How are some insects able to wallt upon the surface of water 7 Why does i 
drop of water roll unbroken upon a cabbage-leafi 18. When will two balls thrown 
upon the surface of wafer appear to attract each other? What substances may be 
used for the purpose 1 What will be the effect if one of the balls is moistened by the 
liquid used and the other is not 1 
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two balls of the former substance 
floating upon water. {'As the wa- 
ter will not readily moisten the 

wax, a cavity is produced around 

Attractim. the balls ; and if they come with- 

in a certain distance of each oth- 
er, the surface of the water at C 
will be depressed a little below the general level, and the 
pressure against the outside of each will then be greater 
than that against the inside.) As a necessary consequence, 
they will rush together. 

If both balls are capable of being moistened with the 
liquid, then the surface at C between them will tend to 
rise a little above the general level, and will thus draw 
the balls together. But if one of the two balls used is of 
such a nature that its surface may be moistened by the 
liquid used, ^yhile that of the other ball is incapable of it, 
then they will, appear to repel each other. 

The balls D and E are sup- 
posed to be of this character. 
One of the balls, D, raises the 
water all around it by the attrac- 
tion of its surface, while the other 
repels it ; so that, when brought 
together, the latter seems to slide 
off from the heap of water raised by the former. 

The same attractions and repulsions are observed be- 
tween the sides of a vessel containing a liquid, and sub- 
stances floating in it. 

— 19.' Closely allied with capillarity are the phenomena 
of endosmose and eooosmose. When two liquids of diffe- 
rent densities are separated by a membrane, as a piece 
of bladder, or unoiled leather, or by unglazed porcelain, 
•two currents become established, one from within out- 
ward, (exosmose,) the other in the contrary direction 
(endosmose.) ' ' ' 



Question 19. What is the effect when two liquids of different densities are separa- 
tetl by a thin membrane, as a piece of moistened leather, or by a porous substance 1 In 
what direction does the liquid move through the membrane ? What other properties 
are closely connected with cohesion 1 
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Endosmose. 



A good method to illustrate it is to 
take a glass tube half an inch or more 
in diameter, and tying a piece of 
bladder or unoiled leather over one 
end for a bottom, put into it some 
sugar and stand it in a tumbler of 
water, at the same time pouring a 
little water into the tube upon the 
sugar. In the course *of a few hours 
the water will be found to rise in the 
tube, having entered by endosmose 
through the leather at the bottom of 



the tube. If the tube is allowed to 
stand, the liquid will rise after a num- 
ber of days to the height of several 
feet. If the sugar had been put into 
the tumbler outside of the tube, and 
pure water in the tube, exosmose 
would have taken place, and the tube 
would have become empty. As a general rule, it is found 
that the least dense hquid has/a tendency to pass to the 
most dense,jand of course to dilute it. This is the case 
in the above instance, the solution of sugar being of 
course more dense than the water. 

Closely connected with cohesion are several other 
properties which seem to be acGidentabas tenacity, brit- 
tleness, elasticity, and Jiexibility.) 

20. The tenacity of bodies is dependent directlyfupon 
the intensity of the attractive force among the particles, 
by which they are prevented from being separated so far 
as to cause a rupture or fracture of the mass.\ This pro- 
perty (varies greatly in different substances,'Athe metals 
being in general most tenacious. But in the metals there 
is a great difference, a force of about twenty pounds being 
sufficient to draw asunder a wire of bismuth one-tenth of 
an inch in diameter', while anfiron%vire of the same size 
would support a weight of more than five hundred and 



Question 20. On what is the tenacity of a body dependent? Does this property of 
bodies vary considerably 1 What metal is most tenacious f 

3 
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forty pounds. Nuxt to iron, copper and platinum are 
most tenacious. 

)( 21. (Brittleness is obviously the reverse of tenacity; 
bodies' that are brittle are capable of supporting little 
weight.^ This property is often associated with hardness, 
and is frequently acquired by bodies in the process of 
hardening, ^hus steel, when made very hard, is at the 
same time exceedingly brittle; cutting instruments are 
therefore usuaUy made partly of iron, to give them the 
necessary strength.'^; 

22. (jVhen a body is capable of being bent in any man- 
ner, within moderate Hmits, by the application of force, 
it is said to he flexible -^iov a body to possess this property 
it is necessary that the attraction existing between one 
portion of its atoms should be capable of being partially 
overcome, and allowing' them to be separated further from 
each other, while other portions of the atoms are pressed 
more closely together. \ 

Thus, let A B and C D rep- 

(~yy~w;'Y'w~w~yy& resent two rows of atoms of a 

ALaJLAJLAJLAJ cylindrical rod of metal or oth- 

pQQQQQQQQb er substance capable of being 

bent in the form of a bow, by 
the application of a sufficient 
force in the proper direction. 
As the bending takes place, the 
length of one row is increased, 
while that of the other is di- 
minished, as may be seen by 
comparing the curved rows 
EF and GH with AB and 
C D respectively. This of course can be accompHshed 
only in the manner pointed out by the separation of the 
atoms of one row a little from each other, while those of 
the other row are pressed nearer together. Among tl^e 
most flexible bodies are lead, gold, silver, annealed cop- 



UuESTlON 21. what is said of brittlenessl Maya hard body be at the same time 
Dnttle 1 22. When is a body said to bejtexible ? What is necessary in a body possess- 
ing this property 7 In what part of the body, as the bending taltes place, are the parti 
eles pressed nearer together, and in what part are they separated? 
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per, soft iron, especially when heated to redness, several 
kinds of wood, wax, &c. 

■ , ^^- (^^^ elasticity of 'a body is the property which 
causes it to resume its original form, after being bent, as 
in the above case, or after being expanded or compressed.) 
Elastic bodies must thereforefbe so constituted as to al- 
low a portion of their particles to be momentarily, al 
least, removed at greater distances from each other, with- 
out having their cohesion overcome, and others of them 
pressed into closer proximity with each other,without be- 
coming permanently fixed in that position.)/ The attrac- 
tion between the partially separated atoms dn one hand, 
)nd the repulsion between the unnaturally approximated 

Jtoms on the other, will both tend to restore the body to 
As original form. \iSometimes this change of form may 
be entirely imperceptible to the eye; and yet it is de- 
monstrable that it does take place. ] ^hus, ivory is one of 
the most elastic sohds that is known ; and a ball of it, when 
thrown upon a marble floor, rebounds in consequence of 
this property, its form on striking the floor becoming altered 
and compressed, but it exhibits no signs of it to the eye. \ 

^ifferent elastic bodies vary extremely in the extent to 
Which they will yield without rupture ; but most solids 
that are elastic suffer more or less change of form by 
being long compressed.) The gases, as atmospheric air 
and carbonic acid, are the most elastic of all bodies ; they 
never yield to any force, however long they may be 
compressed. 

^Among the most elastic solids are glass threads, steel 
springs, and unannealed copper and brass.\ 

Liquids are but slightly elastic. | 

GRAVITATION. 

24. (We give the name Gravitation to that property of 
matter by which masses of it of every kind tend always 

Question 23. What is meant by the elasticity of a body 7 How must an elastic body 
be ^constituted 1 What will tend to restore the body to its original forml Will this 
change of form always be perceptible to the eye? How is this demonstrated by the 
use of ivory balls? Do /elastic bodies ditfer in regard to the extent to which they will 
jield without rupture T What are some of the most elastic solids? Are liquids elastic? 



26 



NATURAL PHILOSOPHY, 



to approach each other ; and the particular attraction of 
the earth by which bodies are made to fall toward it, we 
call terrestrial gravity.) fEvery one knows that when any 
substance, as a stone, is permitted to fall from the hand, 
it rapidly approaches the floor in a straight line. Now 
the stone is composed of inanimate matter, and of itself 
is absolutely inert, and incapable of changing its position 
or state, \ (9,) ^consequently its falling must have been 
produced by ^ome force acting upon 'n^ This force is 
found to be the attraction of the earth, ^he measure or 
amount of this force in the case of any particular body 
constitutes the weight of that body.\ 

25. (This attraction is exerted at the smallest and the 
greatest distances, between the smallest masses of matter 
and the earth on which they lie at rest, and between the 
earth and sun and other vast bodies that constitute our 
solar system. \ , 

26. This Attraction is toward the Centre.-^{ a mass 
of lead or other heavy substance be suspended by a string, 
it will, when left free to move, by the action of this force 
be made to point directly to the earth ; and this occurs 
in every place, whether in America, in Europe, or in In- 
dia, proving that the attraction is every where toward the 

earth. 1 fBy further exami- 
nation it will be seen also 
that the mass always tends 
toward the c^iitre of the 
earth, which may be con- 
sidered the point from 
which the fo;rce emanates.^ 
This may be illustrated' 
by referring to the accom- 
panying figure, in which 
the circle E is supposed to 
represent a section of the 
earth through the centre, 
and A B C D the position 




Toward the Centre. 



Question 24. What is gravitaticm7 Is a stone let fall from the hand capable of 
riUtting itself in motion? Why then does it move toward thajeartn? Wliaf is the 
loeight of a body 7 25. At what distances is gravitation exerted "26. Tu wllat point in 
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of the heavy body suspended by a string in four different 
places diametrically opposite each other. 

27. pFrom this it will be seen that two plumb-lines, 
which are merely lines swinging freely with heavy weights 
attached to them, used by mechanics, can never be per- 
fectly parallel with each other.! 

Let tKe circle S P U N be a sec 
tion of the earth from north to 
south through the city of Philadel- 
phia (Pa.) ; it will also pass very 
nearly through Utica in the State 
of New York, which is about three 
degrees and eight minutes north 
of the former place. Now sup- 
pose A and B are two plumb-lines, 
the former at Philadelphia, and the 
latter at Utica ; they will tend to 
meet at the centre C, and of course 
must make the above angle of 
three degrees eight minutes with 
each other./ fBut in the ordinary practice of the me- 
chanic, as in carpentry, the error that would be occa- 
sioned by considering such lines parallel, may be entirely 
disregarded.) 

X 28. Quantity of Matter. — The intensity of the attraction 
of any two bodies for eaclv other will be proportional to 
their respective quantities of matter} Masses of matter, 
therefore, on the surface of the eartn, have an attraction 
for, or gravitate toward, each other ; but tlie attraction 
of the earth is at the same time so much greater, in con- 
sequence of its greater quantity of matter, that their at- 
traction for each other is quite insensible. Still, bodies 
at the surface of the earth do exert an influence on each 




Plumb-Lines, 



(he earth do bodies tend 7 If four bodies are suspended on opposite sides of the earth, 
what will be their position in reference to each other 1 

Question 27. Will two plumb-lines near each other be parallel? If two plumb-lines 
are suspended, one at Philadelphia, and the other at Utica in the State of New York, 
which IS nearly on the same meridian with Philadelphia, what angle would they make 
with each other ? Would the error arising from considering plumb-lines parallel, ordi- 
narily be sensible in practice? 28. To what will the amount of the attraction of two 
masses of matter for each other be proportlonaH Why is not the affracliiiM of (wo 
masses of matter for each other near the surface of the earth perceptible ? Are moun- 
tains capable of drawing the plumb-line from its true position 1 Is the attraction be- 

3* 
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other ; and it has been found that the plumb-Hne by the 
side of a high mountain is di"awn sensibly out of its true 
perpendicular position. 

This attraction between masses of matter, as in all 
other-cases where force is exerted, is mutual ; and when 
a heavy body, as a stone, falls toward the earth, the earth 
also falls towai-d the stone ; but the distance which it ac- 
tually passes through will be as much less than that passed 
over by the stone, as its mass is greater. 

29.j' All Bodies tend to fall with the same Velocity^— I? 
there Vere nothing to impede the free motion of bodies 
near the earth's surface, all falling bodies would rhove 
toward it with equal velocity. Daily experience seems 
indeed to contradict this, as heavy bodies ap- 
pear to fall with much greater velocity than 
light ones ; 'but the difference is caused by the 
resistance of the atmosphere, which retards 
hght bodies more in proportion to their weight 
than it does heavy ones.\ That the observed 
difference in the velocity of light and heavy 
bodies falling toward the earth is to be attrib- 
uted to the influence of the atmosphere, ;is 
shown conclusively in the well-known experi- 
ment of letting two bodies of this kind, as a 
feather and a piece of coin, fall together in a 
tall receiver from which the air has been ex- 
hausted. ) 

The experiment may be performed in the 
following manner. Let a receiver of glass, 
three inches in diameter, and four or five feet 
in length, contain a feather and some heavy 
substance, as a piece of coin. After attaching 
it to the air-pump and exhausting the air, it is 
to be held in a vertical position and then sud- 
denly inverted, so that the bodies may fall from 





tween two masses always reciprocal ? In approaching each other, will the greater or 
smaller mass move over the greater distanced 

(Question 29. Do all bodies fall toward the earth with equal velocity^ Why do 
heavy bodies, in falling, move more rapidly than light onesl How may it be shown 
that, but for the resistance of tbe air, botli heavy and light bodies would fall with fiuil 
Velocity 1 
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end to end. If the air is perfectly exhausted, it will be 
seen that both bodies fall with the same velocity. 

30. (it might indeed seem, at first sight, that, independ- 
ent of the retarding influence of the air, heavy bodies 
should fall more rapidly than those that are lighter ; but 
it is to be recollected that matter of itself is entirely in- 
ert, and that consequently the force required to set a mass 
in motion,or give it any required velocity, will be exactly 
in the ratio of the quantity of matter.! Thus, if a body 
weighing one pound falls by the force of gravity with a 
given velocity, to cause another body of four pounds'^ 
weight to fall with the same velocity will, of course, re- 
quire the exertion of four times as much force. ("They 
should therefore fall with equal velocities.! 

31. The ascent of light bodies, as smoke and vapor, or 
a balloon, through the air, fui'nishes no exception to the 
universality of the action of gravity, but is in strict ac- 
cordance with it. In air and in liquids, the particles of 
which are free to move among themselves, the bodies 
having the least weight in proportion with their bulk, will 
be forced upward by the greater gravitation of the heav- 
ier. Now this is the case in the instances mentioned, as 
will be more fully explained hereafter; the balloon, for 
instance, being lighter than the same volume of air, is 
forced upward by the tendency of the air to fall beneath 
it and occupy its place. 

32. (The spherical form of the earth and planets ap- 
pears to result from this law;] for all the parts of these 
bodies 'being equally attracted toward the centre of the 
mass, would arrange themselves at equal distances around 
it, or, in other words, the mass would take the spherical 
form. ^ 

33. (Taking advantage of this property, lead shot are 
cast perfectly spherical in form, by causing the globules 
of the melted metal to fall from the tops of high towers, 
so as to become solid before reaching the bottom. \ The 

QuESTiorr 30, Should it require more force to set a heavy body in motion than is re- 
quired for a light one 1 Ought a body weighing one pound then to fall as rapidly as 
one weighing four pounds? 31. How is the ascent of light bodies, as smoke, explained 1 
32. From what does the spherical form of the earth and planets result? 33. How ara 
shot cast so as to be of a perfectly spherical form 1 
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attraction of the particles among themselves causes the 
mass while falling through the air to take the form men 
tioned. To prevent the shot from being bruised by the 
fall, they are received at the bottom in a cistern of water: 

34. Effect of Distance.-iil^he attraction of bodies at dif- 
ferent distances is inversely as the squares of those distan- 
ces. ) This seems to be the law which regulates the action o.f 
all forces which emanate from a centre, and spread them- 
selves around. (If two bodies at the distance of a foot 
attract each other with a force equal to i;, (then at t|ie 
distance of two feet their attraction will be only ijl^nd at 
three feet distance it will be ^,\fec. 

The attraction of the earth, or the gravitation of bodies 
toward it, is greatest at the surface, and diminishes as 
we ascend above or descend below it. \ ^bove the sur- 
face, the attraction diminishes according to the law just 
stated, the distance being reckoned from the earth's cen- 
tre, "n fThus, if we call the semi-diameter of the earth 4000 
miles, as it is very nearly, then at twice this distance, or 
8000 miles from the centre, a body that would weigh a 
pound at the surface would weigh only yjof a pound /and 
at 12,000 miles from the centre, or 8000 miles from the 
surface, it would weigh only |- of a pound, &cj 

35.(Below the surface, the force of gravity diminishes 
only as the distancelCthat is, a bQdy weighing a pound at 
the surface, at the distance of 1000 miles below, or one- 
fourth of the distance to the centre, would weigh only | 
of a pound J^and 2000 miles below the surface, it would 
weigh only i a pound,Jand so on. 

We have therefore the following table. A pound at 
a distance from the centre of the earth of 

1000 miles, or i, will weigh \ pound, 

3000 „ „ I, „ I „ 

Question 34. How does this force vary with the distance? If two bodies at the dis- 
tance of a foot attract, each other with a force equal to one, what will be their attraction 
at the distance of two feet 1 At the distance of three feet 1 Where ia tht attraction of 
the earth greatest! Above the surface, how does the earth's attraction decreasel 
From what point is the distance to be reckoned 1 How much would a body weighing 
a pound at the surface weigh at the height of 4000 miles 7 How is this result obtained 1 
35. How does the force of gravity diminish below the surface? If a body weighs a 
pound at the surface, how much will it weigh 1000 miles below the surface 1 



MECHANICS. 31 

4000 miles, or 1, will weigh 1 pound, 
8000 „ „ 2, „ i „ 

12,000 „ „ 3, „ i „ 

16,000 „ „ 4, „ ^V ,. or 1 oz. 

At the distance of the moon, which is about 240,000 
miles, (or 60 times 4000 miles, the earth's radius,) the 
weight will be only ^^Vo- 

36. (As the earth is not a perfect sphere, and all parts 
of its surface are not therefore at an equal distance from 
the centre.l^he force of gravity must vary at different 
places, being less at the equator than at the poles; but 
the variation is inconsiderable, though easily determined 
by using the proper means.N 

_'S7. Centre of Gravity. -4-Th.e centre of gravity of a 
body is that point about which all its parts will be equally 
balanced in every position of the body.") iConsequently) 
if this point is supported by mechanical means, the body, 
whatever may be its form or position, will lie at rest.) 

(a proper idea of the centre of gravity will readily 1 o 
obtained by consid sring what takes place when an at- 
tempt is made to balance a straight wire, of some ten or 
twelve inches in length, on the back of a knife. J Every 
.^article of the wire is drawn downward equally *by the 
earth's attraction, and the wire inclines to fall one way or 
the other until it is made to rest exactly upon its centre, 
then the attraction of the particles on one side of the 
knife being precisely equal to that of those on the other 
side, an equipoise will be produced, and the wire will be 
supported. J This point at which it is supported, or rather, 
a point in tne centre of the wire directly opposite, will be 
the centre of gravity of the wire. 

' (In bodies of a regular form (as the circle, square, cube, 
and sphere) and uniform density, this point is always 
found exactly at the centre ;|but this is not the case if 
the form is irregular, or if some parts are more dense than 
others. 



Qttestion 36. Are all the parts of the earth's surface equally distant from the centre 7 
Is the force of gravity of equal hitensity at the equator and at the polesi 37. What is 
<he cenfre of gravity of a body'? How may a correct idea of the (.entre of gravity of a 
body be easily obtained 1 When vy ill an equipoise of the wire be produced 1 In bodien 
of a regular form and uniform density, where is the centre of gravity 1 
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SS.vThe centre of gravity of many bodies which are 
composed of the same kind of particles is found without 
difBculty. Thus, the centre of gravity of a triangle will 
be in the point where two lines, drawn from the vertices 
of two of its angles to the middle of the sides opposite, 
meet. ^ 

In the triangle ABC, according 
to what has been said, the centre 
of gravity must be somewhere in 
the line B E, drawn from the ver- 
tex B to E, the middle point of the 
side A C opposite ; and it must al- 
so be somewhere in the line C D, 
drawn in hke manner from the 
Finding Centre of Grmity. vcrtcx C ; but as it must bc in both 
<r of these lines at the same time, it 

must be at S, the only point that is common to the two. 
Though we have spoken of the centre of gravity of a 
body as being a point in the body itself, yet this is not ne- 
cessarily the case. In a ring of uni- 
form density, for instance, the centre 
of gravity will be at the centre of 
the circle, a point equally distant 
from any portion of the solid. 

39. {When a body is suspended by 
a cord attached to some point in it, 
its centre of gravity, when it is at 
rest, will always be in a line let fall 
perpendicularly from that point. ) 

(^he centre of gravity of an irreg- 
ular body, considered as a surface, as 
a piece of board, A B C D, may there- 
fore be found as follows. Let the 
body be suspended by some point, as 
C ; to this point attach a plumb-line, 
(27,) and with a pencil draw C D. 
According to what has been said, tlie 




Finding Centre of 
, Gravity. 



Question 38. How may the centre of gravity of a triangle be found % 39. Wlien a 
body is suspended by a cord so as to swing freely, where will its centre of gravity be) 
How may tne centre of gravity of an irregular surface be foundl 
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centre of gravity of the body must be in this Hne. Then 
suspend t^yp body by another point, A, and to it, as before, 
attach the plumb-hne, and draw AB, which must also 
con tarn the centre of gravity, j But being in both of these 
Hnes, it must of course be in their common intersection, 
E ; and, upon trial, it will be found that the body will bal- 
ance itself very accurately upon this point. 

40. fThe centre of 
n/'-\ gravity between two 
^^ / equal masses of matter, 
as A and B, will evi- 
dently be in the middle 
i point between theni,'; 
\^A^ fbut if the masses are 
unequal, then this point 

Centre of Gravity. , ^jji j.^ ^^^^^^ ^^ ^j^^ 

larger. ) Thus, if the 
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body C weighs three pounds, and another4ody, D, weigh 
ing five pounds, be connected with it by an inflexible rod, 
their centre of gravity will not be at the middle point be- 
tween them, but will be as much nearer D as this is larger 
than C. 

41. (if the body be not of uniform 
density, the centre of gravity is al- 
ways nearest to the part which is 
most dense.N Thus, in a circle, as 
we have stated, the centre of gravity 
is at its centre, if its density be uni- 
form ; but if one half of it is made 
of wood, and the other half of lead, 
which is heavier than wood, the cen- 
tre of gravity of the whole will not 
be in the centre of the circle, but 
considerably to one side of it in the lead. 
X42. Line of Direction.—^ line let fall perpendicularly 
from the centre of gravity of a body is called the lino of 




Centre of Gravity. 
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Qdestion 40. Where will be the centre of gravity between two bodies of equal 
K-eight % If the bodies are not equal f 41. If a body is not of uniform density, toward 
■ wliat part of it is its centre of gravity found? 42. What is tJie line of direction of a 
tody 3 What must be the position of this line in order that a body may stand firm I 
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Leaning Tower. 



direction ;).and, in order that the 
body may(l3e supporte^, this hne 
must always fall within the base 
on which it restsj If it falls with- 
out the base, the body will fall. 

Thus, the body ABC D, whose 
centre of gravity is at S, though 
inclined, remains firm, because 
the line of direction falls with- 
in the base C D ; but if we place 
upon it another piece, A E F B, 
by which the centre of gravity 
of the whole body will be changed 
to S,' it will fall, because the line 
of direction will then fall with- 
out the base. 

A carriage with a high load is 
therefore more in danger of be- 
ing upset than one, the load of 
which is less elevated. 

43.|^ln Pisa, in Italy, is the 
well-known leaning tower, rep- 
resented in the figure, which 
inclines fifteen or sixteen feet 
from a perpendicular j $)ut it has 
stood firm in this position many 
hundred years, the line of direc- 
tion, notwithstanding its inclina- 
tion, still falling considerably 
within its base, f 

44. From what has been said, 
it will be seen that the stability 
of a body will, depend chiefly on 
two circumstances ; its height 
and the extent of its base^ A 
pyramid stands firm,(becaugB its 



Question 43. How much does the leaning tower in Pisa incline from a perpendicu- 
lar 1 Has it been long in this position ? 44, On what two circumstances does the sta 
bility of a body chiefly depend 7 Why does a pyramid stand firm 1 Why is a sphere 
easily put in motion when resting on an inclined plaJie. 
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centre of gravity is comparatively low, and its base is 
v^ery extensive in proportion to its magnitude.) fOn the 
other hand, a sphere is easily put in motion, bedause from 
its figure it rests upon a single point ; and if the plane 
which supports it is ever so little inchned, the line of di- 
rection will fall at one side of this point, as is shown in 
the figure in the margin. ] 

Let C be the centre of the 
sphere of which the circle B D 
is a section; CA will be the 
line of direction which falls out 
of the base or point of support, 
this being at B. Hence, the 
body will move down the plane. 
45. /whenever a body is made 
to move by the force of gravity, 
its centre of gravity must de- 
scend;) if its position or form is 
such liiat any change of posi- 
tion would require this point to be raised, it will be sup- 
ported and remain at rest. 

46. (Man, when erect, stands less firmly than most 
other animals, because the base, composed of his two 
feet, is small, and his centre of gravity is very high above 
it (44.)) Hence, it requires no little dexterity in the 
child to learn to walk ; and it is a long time before he ac- 
quires sufficient experience to enable him at all times to 
preserve his centre of gravity, by keeping the line of di- 
rection within the base, as he balances himself first upon 
one foot and then upon the other. 

47. (A man carrying a burden upon his back naturally 
leans forward ; Jand when carrying it on one shoulder he 
leans toward the other side.) (Rope dancers, in order to 
balance themselves the more readily, hold in their hands 
a long pole, loaded at each end, which enables them the 
more easily to change their centre of gravity by moving 

Question 45. What must take place with regard to the centre of gravity of a body, 
when it is moved by the force of gravity 1 46. Why does man, when erect, stand less 
firmly than most other animals 1 47. Why does a man, when carrying a burden upon 
bis back, lean forward 1 If his burden is upon one shoulder, why does he lean toward 
the other aide t By what means do rope dancers balance themselves upon the rope ) 

4 
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the pole in one direction or another, as may be necessary 
to preserve them from falling. 

48. Little James had a tWenty-five cent piece offered 
him if he would place his back firmly against the door, 
and stoop down and pick the money up from the carpet, 
when thrown down immediately before him ; but after 
many trials he found it impossible, and was obliged to 

?;ive it up, wondering greatly what could be the reason, 
f he had studied this subject, he would have known that 
when a person stoops forward he is obliged to throw his 
body backward, so that his centre of gravity may be sup- 
ported ; but this being impossible in the present case, in 
consequence of his back being against the door, he could 
not stoop enough to reach the floor without pitching for- 
ward.! 

49.\The shape of bodies may sometimes be so con- 
trived as to make them appear to rise when they, are 
actually falling. ^ The case of the double cone rolling up 
an inclined plane is often referred to. 

The body E F, consisting 
of two equal cones united by 
their bases, is placed upon 
two straight -atia smooth 
"^"^ rulers, A B and C D, which 

RMing up an Mined Plan,. at OUC CUd mCCt at a Small 

angle, and rest upon the table, 
but at the other are raised a little above the table. The 
double cone will roll toward the elevated end of the 
rulers, and will have the appearance of ascending ; but, 
from its peculiar form, it is manifest upon examination, 
that on the contrary, it is falling. To make this plain, it 
will only be necessary to hold a ruler parallel to the table 
over the rolling body, and as it advances it will be seen to 
fall more and more from it. 

50. So a circle of wood, or some other light substance, 
may be made to move by its own gravity a short dis- 

ftuEBTioN 48. Why could not little James stoop down to pick up the piece of money 
on the floor before him, when, standing in the position described ? ^. How may a 
solid in the shape of a double cone be made to roll up an inclined plane ? Does the 
centre of gravity of the body ascend 1 BO. How may a circle of wood be made to rise 
by its own gravity a distance on an inclined plane 1 
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tance up an inclined plane (by making one side heavier 
than the other, and placing it properly on the plane) 

Let A B be a circle of wood 
situated on an inclined plane, 
having a piece of lead, B, attach- 
ed to it near the circumference ; 
it will roll up the plane, the 

^ whole wheel actually rising, un- 

mimg upward. til the weight B has nearly 

reached the lowest point, when 
it will stop. It might at first seem that the wheel has 
really raised itself; but though its whole mass has risen, 
the centre of gravity, which we will suppose at C, has 
fallen. If now it is desired to roll the wheel further up 
the plane, it is manifest that a greater effort, will be re- 
quired than if it had not been loaded ; but after the 
weight B has passed the highest point, it will move on as 
before of its own accord. , 

^ MOTION AND FORCE, 

5T> Simple Motion.— ^iotiori is change of place of a 
body^fend is always produced by some cause independent 
of the body itseip(9.) 

52. ^he cause by which motion is produced we call 
force ;) and the motion resulting from the action of any 
force is always proportioned to the force, and in the direc- 
tion in which the force is impressed. 

53. ^hen a body has once been put in motion, the 
same amount of force is required to bring it to a state of 
rest (9) as was at first required to produce the motion ; 
and a body once put in motion, but for the resistance it 
meets jvith, would continue to move on forever.] 

54. \Ihe rapidity with which a body moves is its velo- 
>eity, which may be uniform, as when the body passes over 

equal spaces in equal times T^r it may be accelerated, as 
when the portions of space' passed over in equal times 

Question 51. What is meant by motion ? By what is motion produced ? 52. What 
is force 7 53. What is said of a body once put in motion ? 54. Wliat is velocity 1 When 
is motioQ said to be vniform 7 when is it said to be accelerated 7 When retarded 
Wh»n is motion said to be uniformly/ accelerated or retarded 7 
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increase ; 'or retarded, as when the spaces passed over in 
equal times diminish. ';(When this increase or diminution 
is constant, the velo6ity is said to be uniformly accele- 
rated or retarded, i 

55. (Jn every calse the velocity with which a body will 
move, other things being equal, will depend^ upon the 
force exerted) and if several bodies of different weights 
are acted upon by forces proportioned to their several 
weights, they will have the same (30) velocityj If two 
bodies of different weights are acted upon by equal forces 
they will have velocities in the inverse ratio of their 
weights. Thus, if a body, A, weighing 5 pounds, and 
another, B, weighing 8 pounds, are propelled by equal 
forces, then will the velocity of A be to that of B as 8 
to-5. . 

56. > Every force must always act equally in opposite 
directions. ; If a person press against the table with his 
hand, the table opposes a precisely equal resistance to his 
hand. A horse drawing a load forward is pulled back- 
ward by the load with an equal force. (A bird flying in 
the air strikes it with its wings, and the reaction of the 
air is sufficient to sustain the weight of its body. ' iln 
firing a rifle the explosion of the powder, which gives the 
ball its velocit}', also causes the recoil of the piecS^', and 
if it were no heaviet than the ball, and were not held in 
its place by some special contrivance, (it would take the 
same velocity as the ball, but would move in the opposite 
direction./ 

(If two boats of similar weight and form were on £), 
smooth lake, and a man in one should pull upon a rope 
held by a person in the other, both would have to make 
the same exertion, and both boats would move with 
equal velocity ; but if one of the boats had been anchored, 
and therefore remained at rest, the man in it holding the 
rope would have been obliged to make the same exertion. 



-) 



Question 55. Upon what will velocity depend 1 56. Must a force always act In 
opposite directions 1 When a fierson presses with his hand upon a table, what oppos- 
ing force is there ? How is a bird supported in the air ? Why does a cannon or ritle 
recoil when fired 1 If the piece were no heavier than the t)all, and unconfined, what 
would be the effect 1 How is this principle illustrated by two-boats on a smooth Jalte 
pulled together by persons in them by a rope 1 
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57. ^ This principle of motion or force is sometimes ex- 
pressed by saying that action and reaction are always 
equal, and in opposite directions. : 

58. To illustrate more fully what is meant by action 
and reaction, two or more balls suspended by cords an- 
swer well. 

Let A and B in the figure be 
two equal balls of ivory suspend- 
ed in such a manner as to swing 
freely, As they hang side by side, 
let one^f them, as A, be drawn 
carefully asiSe to the Jeft, a few 
inches, and then let falf'tigainst 
the other, Brit will instantly 
come to a state of rest, but by 
its action upon B this latter will 
be made . to move as far to the 
right as AnJid been carried to the 
left. "Jmat is, a certain quantity 
of motion was given to A, which it imparted to B, but 
at the same time its own motion was lost ; by the action 
of A upon B, B was put in motion, and at the same time 
the motion of A was destroyed by the reaction of B. 

59. If several ivory balls are used, the same point may 
be illustrated in a still more striking manner. 

JLet ABODE 
F G be several balls 
of ivory, accurately 
suspended from a 
support, L M, by 
cords, so that their 
centres may all be 
in the same straight 
line. If now we 
remove one of the 
extreme balls, as G, 
a little distance to 
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Jvory Balls. 
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Question 67. How is this principle of motion or force Bometimes expressed? 58. 
Describe the experiment with the two ivory balls 1 59. ^Describe the experiment with 
Bevwal balls T . . 

4* 
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the right, as G', and let it fall against F, this ball will no* 
be moved perceptibly, but the action will be transmitted 
from ball to ball, until the one at the other extreme will 
start up to A' ; and by its return it will act on the balls 
as before, throwing off G as far, or nearly as far, as it 
was carried at first. 

If in this experiment two of the balls be carried to one 
side, and let fall against the others, the two at the oppo- 
site extreme will be thrown off; and so of any other 
number. 

60. In the above cases we have supposed the balls to 
be made of some elastic substance, as ivory ; but if the 

balls be inelastic, the result will be 
different. 

Let the two balls A and B, in 
the figure, be made of lead or soft 
putty, and suspended as before de- 
scribed. If now one of them, as B, 
be raised a little and let fall against 
A, both balls will move on togethei 
to the left, as to A' B', which will bo 
about one half as far as A was pre- 
viously carried to the right. 
"^ In this case the action and reac- 
tion are still equal, but B loses by its collision with A 
only half its motion, both, after contact, moving with half 
of B's previous velocity. 

61. Reflected Motion. — ^Motion is sometimes reflected'; 
that is, a moving body strikes another that is fixed, and 
is thrown back or rebounds in an opposite direction.') If 
an elastic body, as a ball, strikes a plane surface perpen- 
dicularly, it rebounds perpendicularly ; that is, it is thrown 
back in the same path it first took ; but if it strikes the 
plane obliquely, it rebounds with an equal obliquity, bu. 
in an opposite direction. 

The law is as follows : Let B E be a plane surface, 
against which an elastic ball, A, is supposed to move in 
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Inelastic Balls. 
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duESTioN 60. Describe the experiment with two balls of soft putty or of lead. 61. 
When Ib motion said to be reflected ? What is the aTigle of incidence and the angle o^ 
rejlection 7 How do these angles compare with each other in magnitude 1 
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the direction A C, striking it at 
C ; it will then rebound in the 
direction of C F with the same 
velocity as before. If now at 
the point C we make C G per- 
pendicular to BE, it will be 
found that the angle A C G, 
called the angle of incidence, is 
exactly equal to the angle G C F 
called the angle of reflection. 

62. Compound Motion.— Compound motion is the mo- 
tion which results from the simultaneous action of two or 
more forces. \ 

63. (Jf a body be struck by two equal forces in the same 
direction, it will move with twice the velocity either 
alone would give it;|but if it be struck by two equal 
forces in opposite directions it will remain at rest. If in 
the last case the two forces be unequal, the body will 
move in the direction of the stronger force, and with a 
velocity proportioned to its excess over the smaller 
force. 

If the forces act in directions at any angle with each 
other, then the body \yill move in a direction which will 
be between those of the forces acting upon it. 

Thus, let A be a body acted 
on at the same instant by two 
equal forces at right angles to each 
other, one of which would cause it 
to move to C in the time the other 
would cause it to move to E ; in- 
stead of taking either of these 
courses, it will move through the 
Compound Motion. S. dottcd line to G. To show more 
^particulai'ly that this would be the 
case, let us suppose that from B to G is east, and from D 
to E is south ; the effect of the force B alone then would 




Question 62. What is compound motion'! 63. If a body be struck by two equal 
forces in tlie same direction, what will be the effect 1 If it be acted on at the same in- 
Btant by two equal forces at right angles, what will be its direction 1 What is the re 
aultajtt 7 If the forces are unequal, how may the resultant be found ^ 
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be to drive the body east a given distance, as from A to 
C, in a second ; and the effect of the force D alone, to 
drive it the same distance south, as from A to E, in that 
time. Now, it is evident that neither of these forces 
would in any degree counteract the effect of the other ; 
and if both act at the same time, the body must move 
with the same velocity both east and south ; that is, it 
must move through the diagonal A G, which is called the 
resultant of the two forces. Evidently it is the diagonal 
of a square. The body at the end of the second will be 
in the same place as if the forces had acted successively, 
causing the body to move first to C or E, and then to G. 
When the two forces are unequal, the direction the 
moving body will take may be readily determined. 

Let A be a body acted upon by 
two forces in the direction of A B 



^^ 



and A C. Suppose that the force 
acting in the direction of A B is 
equal to three, and that in the direc- 
^JSi tion of A C to two. Make the line 
Forces unequal. A B equal to thrcc, and A D equal to 

two, and parallel to these draw the 
lines D E and B E ; then join A E, and this line will be 
the path taken by the body A. It is therefore the result- 
ant of the forces A B and A D. 

\, 64. 'ii the forces act at some other angle than a right 
angle, their resultant may be found in a similar manner?) 
: If there be more than two forces, the resultant of two of 
them may be first found, and then the resultant of this as 
a separate force, and a third force, and so on with all the 
forces. \ 

In the accompanying figures the mode to be pursued 
to complete the parallelogram, and determine the result- 
ant in case the forces act either at an acute or an obtuse 
angle, will readily be seen. 

Question 64. May the reeultant be found in a similar manner when the forces do 
not act at right angles to each other 1 IIow may the resultant be found when there 
are more than two forces acting together 1 Do instances actually occur 'in which two 
or more forces act together 7 If a man should attempt to cross a river, the current of 
which ran south, in what direction would he move by propelling his boat directly from 
east to west 1 In what direction must he shape his course in order to pass directly 
across the river I 
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Angle acute. 



In both figures the lines A B and A C are supposed U 
represent the forces, and A R the resultant. 

These cases are not merely theoretical ; they are every 
day actually occurring. (As an instance of two forces 
acting at right angles, suppose a boatman rowing his 
canoe across a stream. He attempts to put his boat di- 
rectly across, but the current sets him downward ; and 
before he reaches the opposite bank he finds he is far be- 
low the point from which he started. * If the stream ran 
south, and he attempted to cross from the east to the 
west side, supposing the force exerted by the boatman 
precisely equal to that of the current, it would be found 
on examination that he had proceeded exactly in a south- 
west direction. / This would be the exact resultant of the 
two forces by which the boat would be moved. (In order 
that the boat might proceed directly across the river from 
east to west, it would be necessary for the boatman to 
propel his boat constantly in the direction of north-west, 
and with a force greater that that exerted by the current. 

A steam vessel, whose paddles tend to propel her north- 
ward, whilst the wind blows her to the eastward, and 
the tide is running in a third direction, is an instance of 
the action of these forces. The vessel will take a course 
which will be the true resultant of the acting forces. 

65. The combination of several motions sometimesi 
produces results that at first appear a little singular. A 
person riding rapidly in the open air feels the drops of 
rain strike him in the face, although the drops may be 



duESTioN 65. Why does a person riding rapidly in the rain feel the drops strike him 
in the face when they are falling perpendicularly ? How will The drops appear to him to 
be falling 1 Suppose a person standing by the side of a railroad wishes to throw a 
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falling iJerpendicularly; and the drops will appear to him 
as though they came, not perpendicularly downward, but 
considerably inclined towards him. A person attempting 
to throw a ball to another passing rapidly in a railroad 
car, would throw it, not directly at him, but at a point on 
the road considerably in advance of the car at the time ; 
and though thrown directly toward the line of the track 
on which the car is moving, to the person in the car it 
will appear to come from a point considerably in advance 
of him, and at an angle considerably inclined from a per- 
pendicular to the line of the road. 

(a heavy body let fall from the mast-head of a ship in 
full sail will appear to fall precisely as it would if the 
ship was at rest, and will strike the deck at the same 
distance from the mast ; (for, having the same motion as 
the ship at the beginning' of its descent, it will appear, all 
the time it is falling,, at the same distance from the mast, 
though the line of its descent is in reality a curve.) ^^.^ 

r 66. Curvilinear Motion. — (Curvilinear motion is always 
the result of two or more forces, generally but two. 
These are called the centripetal and the centrifugal 
forces. By the former, the body is drawn toward the 
centre ; by the latter, it tends to fly from the centre in a 
straight line, which is a tangent to the circumference of 
the curve in which the body moves. 

67. (If a ball of some heavy substance is fixed to a 
cord, and made to revolve rapidly by holding the other 
end of the cord in the hand, while it is revolving, its ten- 
dency to fly ofi" is plainly felt in its pulling, so to speak, 
on the cord ; and if now the cord should be broken, it will 
fly off in a straight line. In this case the cord may rep- 
resent the centripetal force, and the force by whioh the 
ball tends to break the cord, the centrifugal forced) In 
the figure, let A be some heavy body revolving around 
the centre S, in the circumference ABE; if, while it is 

ball to another person passing in a car on the road, how would he throw it 1 Will » 
heavy body falling from the mast-head of a ship when sailing strike the deck at the 
same distance from the mast as it would if the ship were not in motion t How is 'this 
fact explained 1 66. How many forces are necessary to produce curvilinear motion 7 
Which way does the centripetal force tend to move the body 1 67. If a heavy body is 
whirled rapidly roimd by means of a cord, what will represent the centripetal, and 
what the centrifugal force t If the cord should be cut as the body is revolving, in wh»' 
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Centripetal and Centrifugal Forces. 



in rapid motion, just as it ar- 
rives at the point A, the cord 
C is suddenly cut with a sharp 
knife, it will at once fly off 
by its centrifugal force in the 
straight line A F, which is 
called a tangent (66) to the 
circle. If the cord was cut 
when it was at the point B, 
it would take the direction 
B G, which is also a tangent 
at the point B. So, if the 
cord was cut when the re- 
volving body was at any other point, the body would fly 
off in a straight line, which would be a tangent to the 
circle at that fioint. 

( Boys take advantage of this force in throwing stones 
with a sling. The sling is so constructed that the stone 
is first made to revolve rapidly^ so as to give it a great 
centrifugal force, and then is suddenly let gof by which a 
great velocity is communicated to it. 1 

Drops of water flying from a wheel that is turning 
rapidly furnish another instance i of the operation of the 
same force. (Grindstones, and even strong iron wheels, 
have been broken in pieces in this manner, simply by 
causing them to revolve so rapidly that the centrifugal 
force of their outer parts becomes so great as to tear them 
asunder.'X - 

|The same principle explains the well-known fact that 
a bucket of water may be swung over the head, so as to 
turn the top downward without spilling the water ; the 
centrifugal force of the water, when whirled rapidly, be- 
comes sufficient to overcome entirely its gravitation.) 
>(j68. (When an equestrian is riding in a circle, both 
horse and rider are seen to incline considerably inward ; 



direction will it move t How do boys, in throwing stones with a sling, take advantage 
of the centrifugal force ? Why does water fly off from the rim of a wheel when it is 
made to revolve rapidly t Is there any danger in malting grindstones revolve with 
great velocity 1 When a bucket of water is swung over the head, why does not the 
water fall out as the bucket passes bottom upward over the head t 68. Why does a 
horse, when running in a circle, incline inward 1 Why is a carriage in rapid motion 
LQ danger of being overturned in passing a corner ? 
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An Eguestrian. 



this is to counteract the cen- 
trifugal force of their bodies, 
which often becomes very 
great, especially if the circle 
is small, and their motion 
rapid. But carriages, not 
having this power to make 
- compensation for the dis- 
turbing force thus called into 
existence, are often overturned when an attempt is made, 
as in turning a corner, to change suddenly the direction 
of their motion. > They will of course always fall out- 
ward, or from the' corner around which they are turning. 
69. We have magnificent examples of the exact bal- 
ancing of these two forces in the continued revolution of 
the various bodies of the solar system. The earth and 
planets are constantly moving round the sun as a centre ; 
some of these also at the same time serving as centres 
around which other smaller bodies revolve, called satel- 
lites or moons. At every point in their orbits these 
bodies tend to rush off into infinite space in straight lines, 
as above described (67,) but are constantly held in 
by the attraction of the central body. 

TOXThe form of the earth itself presents a remarkable 
instance of the effects of the centrifugal force produced 
by its rotation on its own axis. The motion of the 
earth's surface at the equator by its rotation on its axis, 
is about sixteen and a half miles a minute, by which a 
tendency is produced in the parts about it to fly off into 
space, like drops of water from a revolving wheel ; but 
this result is prevented by the strong attraction of the 
mass of the earth acting from the centre, which consti- 
tutes the centripetal force of the parts. Still the effect 
of the centrifugal force is seen in the enlargement of the 
earth at the equator, the equatorial diameter being sev- 
eral miles greater than the polar diameter. 



Question 09. Where maybe found magnificent examples of the exact balancing of 
the centripetal and centrifugal forces ^ 70. Is the/orm of the earth aflfecfed by its rev- 
olution on its axis 1 What distance does the surlace of the earth move at the eimator 
■ m a minute by its rotation on its axis 1 How is this modification of the form of tha 
earth by its rotation on its axis illustrated by experiment ? 
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This alteration of the figure of the 
earth is easily illustrated by the ap- 
paratus represented in the figure. On 
a perpendicular axis, A D B, are 
two thin brass hoops, which are 
fixed to the axis at A, but are loose 
at B. Now, when these hoops are 
made to turn rapidly by means of 
the handle C, they become flattened 
in the direction of A B by the part 
Centrifugal Force. at B rlslng, and enlarged in the oppo- 

site direction E F. This is occa- 
sioned by the centrifugal force of the parts at E and F. 




/ liAW OF FALLING BODIES. 

71. Motion of Falling Bodies accelerated.— (-The fall of 
bodies to the earth, when unsupported, is an effect of the 
earth's attraction, or gravitation!)' (Jhis motion of bodies, 
as every or"3 has noticed, is hot uniform ; it increases rap- 
idly as the body descends.) (jf a lead bullet is dropped from; 
the hand it may be caught again if the effort is made 
instantly, as its motion is at first slow ; but its velocity- 
soon increases so as to carry it beyond the reach ; and 
if the hand could be extended to it after it has fallen a^ 
few seconds, it would be dangerous to seize it, as, in con-, 
sequence of the ball's great velocity, the hand would 
probably be injured, j The fall of bodies, making no al- 
lowance for the resistance of the air, is an instance of 
uniformly accelerated motion (54.) 

72. (To prepare for the discussion of this subject, let \x%, 
suppose that four ' men, with clubs in their hands, are 
standing in a row on smooth ice, and' at such a distance 
from each other, that if the first strikes a ball lying on 
the ice before him, after it has been moving a second, the 



Question 71. Why do bodies, when unsupported, fall toward the earth ? Is the 
motion of a falling body uniform 1 What kind of motion is the fall of a heavy body 
an instance of? 72. How are the four men on the ice supposed to be arranged 1 IIow 
far is the ball supposed to move the first second by the impulse given if by the first 
man % How far will it move the next second 7 How far the third, and how tar thei 
fourth second 7 

5 
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second man may give it a blow precisely equal to that of 
the firsthand in the same direction ; and at the end of 
another second, the third may strike it a third blow just 
equal also to the first, and in the same direction ; and at 
the end of the third second, the fourth man may strike it 
in like manner. We will suppose that the ball suffers no 
resistance from the air or from friction on the ice ; and 
therefore, when an impulse is given to it,- it moves on 
with uniform velocity, and that the blow given it by 
each man would cause it to move sixteen feet in a se- 
cond. The first man standing at A would give it an im- 

A. B C B E 
I I I I I ■ I I I I I 

pulse that would carry it sixteen feet to B, the first sec- 
ond ; if it should receive no impulse from the second 
man B, it would move on just sixteen feet the next sec- 
ond ; but, receiving an additional impulse from B equal 
to that received from A, it will, during the second sec- 
ond, move twice sixteen or thirty-two feet to C. On 
arriving at C, its velocity already acquired from the im- 
pulses of A and B would cause it to move thirty-two feet 
during the third second ; but, receiving a third impulse 
from C equal to each of the two others, it would, during this 
second, move three times sixteen or forty-eight feet to D. 
So, during the fourth second, by receiving the impulse 
of D, it would move four times sixteen or sixty-four feet 
to E.j, 

73.|Now the circumstances attending the fall of bodies 
are similar to the above, but with this essential differ- 
ence, that the force which puts them in motion, instead 
of acting by successive impulses, acts constantly. Let 
us proceed to inquire what difference this will produce 
in the results. 

Question 73. Does gravity act by successive impulses 1 As gravitation acts con- 
stantly, communicating at each instant the same vetocity, if, at tiie end of any given 
time, as a second, it should cease, how much further would the body fail the next sec- 
ond merely by its acfjuired velocity, than if fell the first second! But as gravitation 
would really act durmg this second as well as the first, how much motion would this 
add to that acquired during the first second "? Altogether, then, how far should the 
body fall during the second seoond 1 How far would it fall during the first two 
Beconds? 
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As the force which acts the first instant to put the 
body in motion continues to act at each successive in- 
stant with the same unifcfl-m intensity, and of course com- 
municates at each instant the same velocity, it is evident 
that if, at the end of any given portion of time, as a sec- 
ond, this force (gravitation) should cease to act, the ve- 
locity already acquired would alone carry it during the 
next second through (twice the space it moved through 
during the first second?) But as the force really acts dur- 
ing the second second, as well as the first, it will add 
the same amount to its motion as it gave it during the 
first second ; altogether, then, during the second second, 
it will fall throughrthree times the space it did during the 
firstT) During the two seconds from the beginning of the 
motion, the body will fall through(rour times the distance 
it fell the first secon^ 

74. So, the velocity acquired at the end of the second 
second will (if gravitation should cease to act) carry it 
twice as far during the next two seconds as it passed the 
first two ; that is, its acquired velocity will cause it to 
traverse, during the third and fourth seconds^wice the 
space it traversed during the first two second^|6r eight 
times the distance it traversed the first second aloneo 
Half of this distance, or four times the space passed the 
first second, of course, it will pass through the third sec- 
ond by its acquired velocity ; but, to find the whole dis- 
tance it will really traverse the third second, we must 
consider gravity as acting and communicating the same 
amount to its motion as during the first second. The 
whole space passed over during the third second will 
therefore be just(five times that^ passed over during the 
firsfj In the same manner it might be shown that during 
the fourth second the body will falKseven times as far as 
it did the first,) and during the fifth second(nine times as 
far,]and so on, the spaces passed each second from the 
beginning of the motion being as the odd numbers 1, S, 
5, 7, 9, 11, &;c. 

Question 74. How far will the body fall by its acquired velocity during the third 
Bcconrf ? How far will it fall during the third second b;)^ its velocity previously ac- 
quired, and by the action of gravity taken together? . How 'far will j* "all the finirth 
eecond 1 How far the fifth, and how far the sixth second 1 
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Units of 
Surface. 



~~^75. This may be illustrated, to sou.i ad- 
vantage, in the following manner. When a 
body moves uniforRily, we determine the 
distance it traverses in a given time, as five 
seconds,(^'by multiplying the, time by its velo- 
city, j Thus, if a body moves twenty feet a 
second, it will in five seconds traverse five 
times twenty, or one hundred feet. That is 
to say, the line through which the moving 
body has passed contains 100 of the units of 
length which we call feet. 

Now we find the area of a rectangle by 
multiplying together any two adjacent sides, that is, the 
length by the breadth. In the figure in the margin, let 
A B be 5 feet, an^ A C 20 ; then will the area A B C D be 
equal (20x5 = 100) to 100 square feet. That is, there 
are in this surface 100 of the units of surface. Now, al- 
though there is no natural resemblance between a line 
and a surface, yet there does exist the same numerical 
relation between the velocity, time of motion of a moving 
body, and units of length passed over, as exist between 
the two adjacent sides of a rectangle and the units of 
surface contained in its area. For numerical calculations 
therefore, these three latter things 
respectively may be taken to repre- 
sent the three former. 

76. In the above case (72) of the 
four men upon the ice, let A B rep- 
resent ihe velocity communicated 
to the ball by the first man, and A C 
the time (one second) of its motion 
before receiving its second impulse; 
then will the surface A C D B repre- 
sent the space (sixteen feet) trav- 
ersed in this time. The acquired 
velocity would now of itself cause 
it to move through a space equal tn 



Successive Ifnputses. 



Question 75. When a body moves nniformly, how do we determine the distance it 
■will traver^^e in a ffiven time 1 How do we determine the surface of a rectangle when 
its two adjacent sidi^s are known 1 76 In the case of the ball moving on smooth ice, 
by four successive impulses, what part of the figure (7t)) represents the space it would 
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that already traversed, which may be represented by the 
surface C E H D ; but, letting D F represent the velocity 
communicated by the second man, the distance it will move 
during the second second will be represented by the whole 
surface C E G F. So, it will readily be seen, the remain- 
ing parts of the figure will, in like manner, represent the 
spaces passed over during the third and fourth seconds. 

77. But gravitation, as we have seen, acts constantly, 
and not by successive impulses ; and a falling body, at 
the end of any given time, as a second, will have acquired 
sufficient velocity to carry it the next sepond, if gravity 
ceased to act, twice as far as it fell the first second (73.) 

Now, if we let the line 
A a, in the accompanying 
figure, represent the time 
of falling' (one second) of 
a falling body, and a b the 
velocity acquired at the 
end of this time, then, as 
the motion has been uni- 
formly accelerated, will 
the triangle A ah repre- 
sent the space passed over 
during the second. If, 
now, gravity should cease 
to act, the velocity would 
be uniform; and, during 
the next second, the space traversed may be represented 
by the square acdb, which it will be seen is just equal to 
twice the triangle Aab ; but, in reality, during this sec- 
ond, gravity, by its continued action, would communicate 
the same motion as it did during the first, and the body 
would traverse the space represented by the figure aceb, 
which is equal to three times the triangle Aab. 

move during the first second by the first impulse 1 What part represents the space it 
would pass the next second by its acquired motion 1 What part represents the whole 
space it would pass during this second 1 77. What part of the figure (77) represents 
the space a body will fall by the force of gravity the first second 7 What part repre- 
sents the space it would pass the next isecond by its acquired velocity only 1 What part 
represents the space gravity alone would cause it to pass during this second f What 
part repr'>Bents the space it would pass the second second by its velocity previously 
acquired, and by the continued action of gravity togsther 1 What part represents the 
space 't would pass the third second "? 
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In the same manner it might be shown that, during the 
next. or third second, it would traverse the space repre- 
sented by the surface cfi e, which is five times the tri- 
angle Aab ; and during the fourth second a space rep- 
resented by the surface fj m i, which is seven times A 
a h, &c. 

78. If we wish to determine the distance the body will 
fall in any given time from the beginning of the motion, 
we find that during the first second it moves through a 
certain space represented by the triangle Aab ; during 
tJie first two seconds it moves through a space represented 
by the triangle Ace, which is four times Aab ; during 
three seconds, through a space represented by the trian- 
gle Afi, which is equal to nine times Aab, &c. The 
spaces passed over in different times from the beginning 
of motion, therefore, are as the squares of the times ; that 
is, in two seconds it will fall twice two, or four times as 
far as it fell the first second ; in three seconds, three 
times three, or nine times the distance it fell the first, and 
so on. We have seen above that the spaces passed over 
in successive seconds are as the odd numbers 1, 3, 5, 7, 
&c. ; so the velocities at the close of these successive 
portions of time are as the even numbers 2, 4, 6, 8, &c. 

79. The law of falhng bodies, as above developed, may 
be fully demonstrated experimentally by means of At- 
wood's machine, so called from the name of its ingenious 
inA'cntor ; but it is too complex to be here described. 

80. Bodies fall Sixteen Feet the First Second. — It has 
been found by numerous and accurate observations that 
bodies falling freely by the force of gravity pass through 
IGjV feet the first second of time ; which, however, as it 
IS sufficiently accurate for our purpose, in order to avoid 
the inconvenience of fractions, we will call 16 feet. 

The spaces passed through during the several seconds 
then, will be as follows. The body will fall during — 

Question 78. What part of the same figure represents the space the body will fall 
dm-ing the first two seconds 1 During the first three seconds ? During four seconds 1 
What is tlie ratio of the spaces passed over from the beginning of the motion as com- 
pared with the times 1 What is the square of a number ? 79. What is the design of 
Atwood's machine 1 80. How far is it found by experiment a body falling freely will 
move the first second 1 How far will it move the neit second 7 How far the third, 
and how far the fourth sftcond t 
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The 1st second 


. . . . 1 X 16 = 16 feet. 


,, 2d „ 


. . . . 3 X 16 = 48 „ 


„ 3d „ 


. . . . 5 X 16 = 80 „ 


„ 4th „ 


. . . . 7 X 16^ 112 „ 


„ 5th „ 


. . . . 9 X 16 = 144 „ &c 



81. The spaces passed over from the beginning of the 
motion will be as in the following table. The body will 
pass over, during 

The 1st second . • (P = 1) x 16 = 16 feet. 

„ 1st two seconds (2^ = 4) x 16 = 64 „ 

„ „ three „ . (3^ = 9) x 16 = 144 „ 

„ „ four „ . (4^ = 16) x 16 = 256 „ &;e. 

That is, the spaces passed over, as stated above, (78,) 
are as the squares of the times ; if the body passes over 
16 feet the lirst second, it passes over 2^ or 4 times 16 
feet during the first two seconds, and 3= or 9 times 16 
feet in three seconds. Hence, to find the distance a 
heavy body will fall in a given time, we have the follow- 
ing rule, viz. — Multiply the distance it will fall in one sec- 
ond (16^2 feet) by the square of the time in seconds. 

Suppose it was required to determine how far a heavy 
body would fall in 8 seconds. By the above rule, 8x8 
=: 64, and 64 x 16rV = 1029i feet. 

'82. An easy method of determining the depth of a well, 
or the height of a tower, naturally suggests itself here. 
Suppose a person standing at the mouth of a well, the 
depth of which to the surface of the water he wishes to 
ascertain. Having a watch with a second-hand, he finds 
that a lead bullet let fall strikes the water in just 2 sec- 
onds. Then, by the rule given above, 2x2 = 4, and 
4 X 16yV = 64i feet, which is the depth required. 

It is evident that some little time would be required 
for the sound of the bullet in striking the water to reach 
the ear ; but it would be so trifling that it may be entirely 
neglected. 



QUESTION 81. IIow far will the body fall the tirst two seconds 7 How far in three 
Becouds 1 What is the rule for finding the distance a heavy body will fall in any given 
number of seconds ? 82. How may we readily iletermine the depth of awell by letting 
tall a heavy body into it 1 
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83. If a body is projected downward with a given ve- 
locity, tiie effect of gravitation is to be calculated as 
above, and to this the distance it would traverse by the 
projectile force is to be added. Thus, if a body be pro- 
jected downward with a velocity of 50 feet a second, at 
the end of three seconds it will have fallen by the force 
of gravity 3^ or 9 x 16 = 144 feet; and to this we are 
to add 150 feet, the distance it is projected, making in all 
294 feet . 

It is required to determine how far a body will fall in 
7 seconds, which is projected downward with a velocity 
of 75 feet per second. 

Answer. It would fall by the action of gravity 788^3 
feet, and by the force with which it is projected 525 feet, 
making together 1313^2 feet. 

84. Ascent of Bodies. — In the case of bodies projected 
perpendicularly upward, the same law is observed as in 
their descent, except that all the circumstances are re- 
versed (77.) The body starts with its greatest velocity, 
and is gradually retarded by gravity until at length its 
motion is entirely destroyed ; it then commences its return, 
and finally reaches the ground with the same velocity 
with which it was projected. The body would therefore 
occupy the same time in its ascent as in its descent. 

:- — ^85. Projectiles. — It is impossible, under any circumstan- 
ces, to remove a body from the influence of gravity. When 
at rest, the body by this force presses upon the substance 
which supports it ; if the support is removed, it falls with 
a uniformly accelerated velocity, as we have seen ; if it 
is projected perpendicularly upward or downward, the 
action of gravity is to be taken into account, to find its 
real motion, and subtracted or added, as the case may be; 
and if it be projected in any other direction, this force 
equally exerts its influence. If a body be projected hori- 
z«vBtaMy «ver a horizontal plane, it will strike the surface 

anESTioN 83. If a body is projected perpendicularly downward, how is the distance 
it will move in a given time to be determined 1 If a body is projected downward witli 
a velocity of fifty feet per second, how far will it move m three seconds 1 84. When 
a body is projected perpendicularly upward, how will if be affected by gravity i 85. Is 
it possible by any means to remove a body from the ..ifluence of gra\ity7 When a 
body is at rest, how is it influenced by tfiis force 1 Wf„ a body projected horizontally 
over a horizontal plane strike the plane in the same time as if it fell perpendicularly 'l 
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in the same time it would if allowed to fall freely by the 
force of gravity alone. The only effect of the projection 
has been to cause it to strike at a distance from the place 
to which, but for this, it would have fallen m a straight 
line. This principle is of great importance in the firing 
of cannon ; and it will be seen from what has been said, 
that it is absolutely impossible to fire a ball in a straight 
line except perpendicularly, either upward or downward. 
As soon as it has left the mouth of the cannon it must 
begin to fall, if projected horizontally ; or, if projected 
in a more elevated direction, it is prevented from rising 
as far as it otherwise would, and describes a curve called 
a parabola. 

Thus, if a ball be fired in the 
direction A G in the figure, it 
will not pass on in the line 
AEG, but will at once begin 
to fall below it. Let us sup- 
pose the force of the powder 
sufficient to throw the ball 
from A to E in one second ; 
as soon as it left the gun, it 
Projectile. would begin to fall by the force 

of gravity acting upon it, 
and at the end of the second it 
would be at F instead of E, and the distance E F would 
be found just IQj^ fc^t (80,) the distance which a body 
f^ls by the force of gravity in a second of time. So, at 
the end of two seconds, the ball would be found at H in- 
stead of G, where the projectile force alone would have 
carried if ; and the distance G H would be equal to 64^ 
feet, the space a heavy body falls through in two sec- 
onds. The body, therefore, would ^scribe the curved 
lineAHB. 'J/., „•:<-■ (/+' v','.^..:^---^ 

It is found by experiment that the ball goes furthest 
when the piece is elevated about 45°, or half way be- 
tween a horizontal and a perpendicular line. If the piece 



Does the ball fired horizontally from a cannon proceed in a straight line ? What is the 
curve called which the ball describes 1 In what direction must the piece be pointed ia 
order that the Ijall may nrnceed the g> eateet distance ? 
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is elevated more than this, the ball rises higher, but 
strikes the ground nearer, as at C ; or, if it is elevated 
less than 45°, it comes to the ground sooner, as at D, 
though its path is less curved. 

86. Motion down an Inclined Plane. — If a body, instead 
of falling perpendicularly, is made to roll freely down an 
inclined plane, the same laws of acceleration of motion 
prevail with regard to the motion along the plane, but the 
velocity will be less rapid in proportion as the height of 

the plane is less than its length» 
Thus, the motion of a body gliding 
freely down the inclined plane, A 
B, will be uniformly accelerated, 
but its velocity will be to the ve- 
Mction do^ a Plan. locity of a bodj falling Vertically, 
as -the height ot the plane is to its 
ength, that is, as A C is to A B. 

In what has been said of the motion of bodies, it is of 
nurse to be understood that no allowance has been 
made for the resistance of the atmosphere, which in some 
cases is very great, and very much modifies the final re- 
sult. The resistance of the atmosphere to a ball of three 
pounds weight, moving with a velocity of 1700 feet a 
second, is computed to be equal to 154 pounds. 

87. Bodies falling from an Indefinite Distance. — It is to 
be observed also, that the laws of falling bodies, above 
developed, apply only to bodies falling within moderate 
distances of the earth's surface. We have, in the abov^, 
considered the force of gravity as absolutely uniform^ 
which is not true in fact, except within comparatively 
small distances of the surface. We have seen (34) that 
above the earth's surface the force of gravity diminishes 
as the square of the distance from the centre increases ; 
and consequently, 4000 miles above the earth, it is only 



Qttestion 86. Is the motion of a body rolling freely down an inclined 'plane unl* 
formly accelerated t Will it have attained the same velocity, on reaching the foot o. 
tlie plane, as if it had fallen vertically through the height of the plane 1 Will the tirue 
of its falling be increased or diminished 1 Is any allowance here made for the resist- 
ance of the airl What does the resistance of the air amount to on a ball of three 
pounds weight moving 1700 feet a second ? 87. Do these laws of falling bodies apply 
to bodies falling at great distances from the earth's surface { How mucli is the earth's 
attraction diminished 4000 miles from the surface 7 
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one-fouith as great as at the surface. If, then, we should 
attempt to calculate, by our rule, th6 time a body would 
fall through this distance to the earth, we should not ob- 
tain an accurate result, because in this distance the force 
of gravity is constantly varying. A more complex rule 
is required in this and similar cases, which it would be 
out of place here to investigate. 

88. As the attraction of the earth diminishes rapidly 
at great distances, there is a limit beyond which the ve- 
locity of a falling body can not increase, however great 
the distance from which it may fall. It has been deter- 
mined by mathematicians that a body falling to the 
earth from the sun or from one of the stars, if it were 
possible, would not attain on arriving at the earth a velo- 
city of quite seven miles a second ; and more than half 
of this velocity would be communicated to the body 
while passing through the last 1400 miles. 

89. As the attraction between two bodies must always 
be mutual and equal (56,) it is evident that when the 
earth attracts a body, it must itself also be attracted; and 
if the body moves toward the earth, the earth must also 
move toward the other body. As, however, any mass 
which, in its fall, can come under the observation of 
man, must be infinitely small when compared with the 
earth, so the distance through which the earth would be 
moved would be infinitely small compared with the dis- 
tance the body would fall. 

90. The mean distance of the moon from the earth's 
centre is, as we have seen (35,) about 60 times the semi- 
diameter of the earth. This is found by dividing 240,000 
miles, which is the mean distance of the moon, by 4000, 
which is very nearly the earth's semi-diameter or radius. 
Consequently, the earth's attraction at the moon will be 
only 3 sVo^h as great as it is at the surface ; and a body 
during the first second or minute will fall only s-sao^h 
as far as it would in the same time if let fall near the earth. 



auESTioN 88. What is the greatest velocity a body can attain in falling from the 
greatest distances to the earth 1 89. Is the earth attracted by falling bodies? Why is 
not its motion perceptible 1 90. How many times the earth's semi-diameter is the 
moon distant from the earth 1 How is this found 1 How great is the earth's attraction 
at the distance cf the moonl 
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91. Now, by the rule above given (81,) it is easily de- 
termined that a body falling unobstructed near the earth 
would in one minute pass through 57,900 feet, and 3 eV rth 
of this is 16yV feet. That is, a body at the distance of 
the moon would fall toward the earth just the same dis- 
tance in a minute, as it would fall, if near its surface, in 
a second. 

92. As the moon revolves round the earth in an orbit 
very nearly circular, it is of course acted on by two 
forces, the centripetal and the centrifugal (66 ;) by the 
former of which it is constantly drawn toward the 
earth, while by the latter it tends to fly off" into space. If 
either of these was destroyed, it would of course obey 
tbe other exclusively. 

93. Now, it is not difficult to show that the moon does 
virtually fall toward the earth ISy'^ feet every minute ; 
or, in other words, that, if its centrifugal force were de- 
stroyed, it would at once fall toward the earth with a 
velocity that would cause it to pass over this distance 
the first minute of time. That is, the moon, if left to the 
influence of its centripetal force alone, would approach 
the earth in one minute through precisely the same space 
that a heavy body would fall by the law of gravitation 
if placed at that distance from the earth. From this it 
of course follows that the moon's centripetal force is 
nothing but the earth's attraction acting upon it as it 
would upon any other mass of matter placed at the same 
distance. 

Let E, in the marginal figure, be the earth, and M N L 
the moon's orbit. The moon revolves around the earth 
in 27 days, 7 hours, and 43 minutes, or 39,343 minutes, 
and in one minute passes over 3 9^5-3 part of its orbit, or 
about 33 seconds of a degree. Let M N be this arc. By 
the centrifugal force alone, it would, in one minute, de- 
scribe the straight line M O (67,) while, by the centripe- 
etal force alone, it would move from M to P. But 



Question 91. How far will a body fall in a minute near the earth 7 How far in a 
minute at the distance of the moon ? 92. If the moon's centrifugal force were de 
stroyed, what would be tiie effect upon her 1 93. Does the moon virtually fall toward 
the earth 16 1-I2th feet every minute 7' Wliat follows from this ? What is the explana- 
tion of the figure 7 
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the line M P is cailed the 
versed sine of the arc M 
N, which in this case is 
33" ; and the versed sine 
of an arc of 33", in a cir- 
cle whose radius is 240, 
000 miles, is found to be 
16^2 feet very nearly. 

94. This is substantial- 
ly the celebrated calcula- 
tion of Newton in confir- 
mation of the law of uni- 
versal gravitation, which 
was first suggested by him. 
As he drew near the close , 
of it, and perceived the 
result would be as he anticipated, conscious of its mo- 
mentous importance, it is said he was so affected that he 
was unable to proceed, and was obliged to call in an as- 
sistant to complete it. (See Brewster's Life of Newton, 
Harper's Family Library, vol. xxvi. p. 144.) 
.^^__95. Momentum of Bodies. — The force with which a 
moving body strikes another which is at rest is called its 
momentum or moving force, and is found by multiplying 
its weight by its velocity. When the weight of two 
bodies are equal their comparative momenta will be as 
their velocities ; and when the velocities of two bodies 
are equal their momenta will be as their weight. Bodies 
of very differeijt weights may therefore be made to strike 
with equal force ; thus a cannon ball weighing 80 pounds, 
and projected with a velocity of 1600 feet a second, 
would strike the wall of a beseiged city with more force 
than a battering-ram of the ancients, weighing 4000 
pounds, and projected with a velocity of thirty feet per 
second. 

96. The momentum of a body results from its inertia 
(9.) A body once in motion requires the exertion of 

Question &4. What is said to have been the effect upon Newton when first making 
this calculation? 95. What is the momen^Mffi of a bod^ f How is tlie momentum of a 
body found 7 9G. From what does the momentum of a body result"? Why does the 
circus rider wait until his horse attains his full speed before he mounts upon his feet 'i 

6 
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force to bring it to a state of rest ; and tiie force thus re- 
quired is the reason of its momentum. It is the same as 
was required to give the body its motion at first. The 
circus rider never mounts upon his feet on his horse's 
back until he has acquired his full speed, lest he should 
on starting pass from under him ; so, too, he is always 
careful, before his horse stops, to resume his sitting posi- 
tion, for otherwise, should his horse suddenly stop, the mo- 
mentum of his own body would carry him forward upon 
the ground. 

When large masses, as two trains of cars upon a rail- 
road, come in collision, the effects of their momentum are 
seen in the disastrous results too often produced. 
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THE PENDULUM. 



97^ The pendulum consists of a single vv^eight suspended 
by a cord or rod, so as to swing freely. If a rod is used, 
it must be flexible at the upper part, or so suspended as 
to allow it to move freely backward and forward. Often 
the pendulum is supported upon a knife edge which rests 
upon a polished plane surface. 

When a weight so suspended is drawn aside a little 
from its position of rest, and then let fall, by the action 
of gravity (71) it is immediately carried to its first posi- 
tion again ; but when it arrives there, .it has acquired 
considerable momentum, which, if there was no resistance 
from the air or other cause, would be suf^cient to carry 
it as far to the opposite side of the perpendicular. It 
vsrould then return again by the force of gravity to the 
perpendicular, and, by its acquired momentum, to the 
position from which it started, to again commence its 
motion precisely as before, and so on forever. But, in 
reality, a body made to vibrate in this manner soon 
comes to a state of rest, in consequence of the resistance 
of the air and the slight friction occasioned at the point 
of suspension. 

Question 97. What is a.pendulum,7 What force causes the motion of thependuluniT 
Why should the distance it swings on each side of the perpendicular be equal ? 
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The Pendulum, 



Let C be a ball of some heavy substance suspended by 
a thread. If it be now raised by the hand to B and let 
fall, it will immediately return- with a uniformly accele- 
rated motion to C, since the law governing the descent 

of bodies in curved lines is the 
same as if they descend per- 
pendicularly or down an in- 
clined plane (86.) As the 
body passes beyond by its 
momentum, the force of gravity 
will act against its motion with 
precisely the sama intensity as 
it had before acted in favor of 
it (85 ;) and, making no allow- 
ance for the resistance of the 
air or friction, the body should of course move to A, 
making A C precisely equal to C B. From A it will 
return by the force of gravity to C, and the momentum 
thus generated will carry it onward to B. Having 
arrived at B, it will again immediately return to C and 
A as before. 

98. The motion of a pendu- 
lum, from its extreme point B on 
one side, to the opposite side A, 
is termed an oscillation or vibra- 
tion ; and it is a most important 
circumstance that, for pendu- 
lums of the same length, vibra- 
ting in small arch, all the oscil- 
lations are performed in equal 
times. 

99. The duration of an oscil- 
lation does not, therefore, depend 

in the least upon the nature of the substance of which 
the pendulum is made, nor upon the size of the weight 
used. 

1-00. As the movements of the pendulum depend upon 

Question 98. What is meant by an oscillation or vibration? 99. Do the times re- 
quired for the oscillation depend upon the weight of the pendulum, or the substance it 
is composed oft 100. Will a pendulum vibrate as rapidly at the equator as at the 
poles? What occasions the difference ? Why may the attraction of the earth be con- 




The Pendulum. 
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gravity, this instrument affords an excellent mode of de- 
termining the intensity of this force at different places on 
the earth's surface. A- pendulum that vibrates 3600 
times an hour at the equator, it is found, would vibrate 
3613 times an hour at the poles, which shows the force 
of gravity to be considerably greater at the latter place. 
This is occasioned by the enlargement of the earth at the 
equator, and flattening at the poles, as already illustrated 
(70,) by which the surface at the poles is brought nearer 
to the centre than the surface at the equator. The in- 
tensity of gravity at the poles is greater than at the equa- 
tor, because the distance to the centre of the earth is less, 
the point from which gravity may be supposed to act 
(26.) The action of gravity is, indeed, the action of the 
whole mass of the e^rth, but the effect is the same as if 
it was exerted only from the central point. So a pendu- 
lum that performs 3600 oscillations per hour at the sur- 
face of the sea, when taken to the top of a neighboring 
mountain 3y\ miles high, vibrates only 3597 times an 
hour. 

101. The times required for pendulums of different 
lengths to vibrate are as the square roots of their length. 
Thus, at New York, the pendulum which vibrates 
seconds is found to be 39.1 inches in length, while that 
which vibrates half seconds is only 9.7 inches long. 
Thus, as 1 : i : : -/lai : V"a7. It may easily be deter- 
mined that a pendulum, to perform its oscillations in 2 
seconds, must be 13 feet in length. 

102. A clock is merely a machine propelled usually by 
a weight, for the purpose of continuing the motion of a 
pendulum and registering the number of its oscillations. 
This last office is performed by the pointers, of which 
there are usually three ; one for seconds, one for minutes, 
and one for hours. Generally the pendulum of a clock is 
made of the proper length to perform its oscillations 
either in a half second or in a second, and the wheel- 

sidered as. acting only from the centre t Will the pendulum vibrate most rapidly at ,.»e 
surface of the sea or at the top of a mountain 7 101. What is the length of a pendulum 
that vibrates once a second at New York t What is the length when it vibrates half 
seconds'! 102. What is a clock'! Hew does a clock show the number of oscillatiooj 
the pendulum has made 1 
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work is adapted accordingly. When a seconds pendu- 
lum is used, it makes of course 60 oscill^itions in a minute, 
3600 in an iiour, and 86,400 in 24 hours. A person 
looking at a clock in the afternoon observes that it is 24 
minutes and 35 seconds past 3, which is in reality only 
saying that since 12 o'clock, the point of time at which 
the reckoning it is supposed was commenced, the pendu- 
lum has made 12,275 oscillations or beats. 

103. The motion of a clock is regulated entirely by the 
length of the pendulum ; and usually the weight at its 
lower extremity is sustained by a screw, by which it may 
be raised or lowered a little at pleasure. 

But we have seen (97,) that the pendulum, if left 
to itself, by reason of the resistance of the air and the 
frictioa at its point of suspension, will, after a time, come 
to a state of rest. To counteract this tendency, the 
machinery of the clock is so constructed, that, at each 
oscillation, it shall receive a slight impulse from the pro- 
pelling power, by which means its motion is continued 
for any length of time without variation. 

104. Any change in the length of the pendulum of a 
clock, therefore, will seriously affect its going. Now 
this change is produced by change of temperature, the 
length being increased in warm weather, and diminished 
in cold weather ; so that the same clock is usually found 
to go faster in winter than in summer. An obvious 
remedy is to move the weight at its extremity a little up 
or down as occasion may require. But to do this accu- 
rately would be extremely inconvenient, not to say im- 
possible, in practice ; and several contrivances have been 
adopted to overcome the difficulty, the most important of 
which is the gridiron pendulum. This is so constructed 
of rods of diflerent metals, that the expansion or contrac- 
tion of the rods of one metal in one direction, shall be 
counteracted by an equal expansion or contraction of 
the other in the opposite direction. The two metals used 
may be steel and copper, the latter of which is expanded 



Question 1(J3. How is the motion of a clock reffuJated 1 How ia the pendulum of i 
clock kept in it^otion? Iit4 Why do clocks generally go faster in winter than in sum 
mer ! What js the object of the gridiron pendulum 1 

6* 
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or contracted by a given change of temperature much 
more than the former. 

In the figure, A B C D is a parallelogram of steel fixed to 
the rod E, while the bars F H and G I are of copper, and 
inserted firmly in the steel bar C D. The 
weight, W, is then attached to a wire 
which passes freely through a hole in the 
centre of C D, and is fixed firmly in the 
part F G. Now, suppose the temperature 
to rise, the bars A C and B D would be ex- 
panded, and the length of the pendulum, 
that is, the distance between the points E 
and W, would be increased ; but the same 
rise of temperature causes an expansion 
also of the copper bars F G and G I, by 
which the weight W will be drawn up, or, 
this distance between the points E and 
W will be diminished. Now, as the 
lengths respectively of these bars of copper 
and steel are made inversely proportional 
to their expansibilities by heat, it follows 
that the length of the pendulum, as a whole, is preserved 
the same through every ordinary change of temperature ; 
that is, the whole amount of the contraction or expansion 
of the steel part of the pendulum is just equal to the 
whole amount of the contraction or expansion of the 
copper part ; and as these changes of length of the two 
parts are in opposite directions, they just balance each 
other, and the length of the whole pendulum, by which 
we mean the distance from the point of suspension E to 
the weight W, remains unchanged. 

105. The importance of such an arrangement is obvi- 
ous from the fact that a change of temperature of 30° 
will cause a variation of about 8 seconds in 24 hours in 
a common clock with an iron pendulum. If the pendu- 
lum is brass or copper, the variation will be still greater. 
Sometimes pendulum rods are made of wood, which is 
supposed to be less affected by changes of temperature 
than the metals. 



Gridiron PendUr 
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106. i The mechanical powers are simple machines or 
instruments, with which we are accustomed to raise 
weights and overcome resistances.^ They are'six in num- 
ber, viz., the Lever, the Wheel and Axle, the Pulley, the 
Inclined Plane, the Wedge, and the Screw. But as the 
wheel and axle act essentially on the same principle as 
the lever, and the wedge and the screw on the same prin- 
ciple as the inclined plane, many writers are disposed to 
reduce the number of the mechanical powers to three, 
viz., the lever, the pulley, and the inclined plane. 

107. All the machines, however complicated, which 
the ingenuity of man has ever invented, are nothing more 
than combinations of these simple powers. Though 
great advantage is gained by the use of machines, there 
is no such thing, properly speaking, as the creation of 
power by them, as some have supposed ; their design 
seems to be to exchange time for power, as will appear 
more fully hereafter. 

In the use of any machine, whether simple or complex, 
three things are to be particularly considered. 1st. The 
force or resistance which is to be sustained or overcome, 
which we will call the iveight. 2d. The force which is 
used to produce the effect desired, called the power. 
3d. The mode in which, by the action of the machine, 
the power produces the proper effect upon the weight. 

108. The Lever. — fThe lever is an inflexible rod of 
metal or other solid substance, capable of moving upon a 
point of support called the fulcrum. In what we have to 
say of it, no notice will be taken of its own weight. 

There are three kinds of lever, or rather three varie- 
ties of it, depending upon the position of the fulcrum 
with reference to the power, or force applied to move it, 
and the weight, or resistance to be overcome. 

Question 106. What are the mechanical powers 7 How many of them are there 1 
Dotjs each one of these act on a distinct principle 7 107. Are all machines merely com- 
binations of those simple powers 7 Do they create power 1 What, then, is their de- 
sign ? Wliat three things are to be considered in the use of machines 7 108. What ia 
the lever ? IIow many kinds or varieties of the lever are (here ? 



E 



66 NATURAL PHILOSOPHY. 

109. In the Lever of 
the first kind, the power 
is supposed to be applied 
at one extremity, and 
the weight at the other, 
^"^ *' '" ' with the fulcrum, or 

point of support between 
them, as in the accompanying figure, where P is the 
power, F the fulcrum, and W the weight. If the fulcrum is 
placed at the centre, it is evident nothing is gained, as 
the power and weight must be exactly equal in order 
that they may balance each other ; but when the fulcrum 
divides the lever into two unequal arms, having the 
weight upon the shorter, then (^the power will be to the 
weight as the length of the short arm is to that of the 
.long arm.\ Thus, -if in the above figui-e, the arm F W is 
to F P as 1 to 3, then the power P will be to the weight 
W as 1 to 3. That is, if the length of the longer arm is 3 
times that of the shorter arm, in order to produce an 
equilibrium the weight must be 3 times the power. In 
order that the weight may be raised, it is evident the 
power must be a little increased, so as to exceed one- 
third of the weight. , 

When riiotion is pro- 
duced by I means of this 
lever, the extremity of 
e^iph arm moves in the 
__ circTimference of a circle, 

\ ^.-"■"^ F the centre of which is at 

'"•r"^ the point of support or 

\^ fulcrum, as is shown in 

the figure ; and the arc 
described by each will be 
in proportion to its length. Consequently, to raise the 
weight any distance, as an inch, in the arc W B, suppos- 
ing the longer arm 3 times the length of the shorter, the 

Question 109. In the lever of tlie fir.?t kind, how are the power, weight and fulcrum 
situfited with respect to each other! If the fulcrum is in the centre, how must the 
power and weight compare with each other to produce an equilibrium 7 What is the 
ratio of the power to the weight, when th^ weiunt is altached to the short arm, and the 
power to the long arm ? When motion is produced by means of =1 lever, do the extrem- 
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power must fall in the arc PA 3 times as far, or 3 inches. 
This is always found to be the case in the use of machines 
(114;) 'the space passed over by the power will be to 
that passed over by the weight, as the weight is to the 
power.) 

110. Numerous examples of the use of this kind of 
lever will readily occur to every one. The common bal- 
ance, in which the arms are equal, and the steelyards, in 
which they are unequal, the scissors, pincers, &c., are 
instances. 

In the steelyards, the point on 
which the instrument turns is 
to be considered the fulcrum ; 

f '—r-^ and the shorter arm, it will be 
seen, is always the same, being 
the distance from the pivot 
which constitutes the fulcrum, 
to the hook upon which the 

steelyards. i . , -i • i i • 

substance to be weighed is sus- 
pended. On" the other arm is 
placed the counterpoise (or power) which is movable ; 
and when a body is to be weighed it is moved -backward 
or forward, as the case may require, until an equilibrium 
is produced, a figure at the place showing the weight re- 
quired to produce this effect, as determined by previous 
trial. It is ^Hdent, that when placed at such a distance 
from the fulcruki, as that the two arms of the lever are 
equal, the counterpoise will balance a weight just 
equal to itself, and placed at twice this distance it will 
balance double its own weight, &c., the weight which it 
will balance always depending entirely upon its distance 
from the fulcrum. 

In the scissors, the intelligent student will readily deter- 
mine what is to be censidered the p®wer, what the 
weight, and what the fulsrum. 
'. /', ■ /■' -' 

itiesof the arms move in straight lines'? In the lase •f machines, how does the space 
passed over by the power compare with that passed over by the weight? 110. What 
examples of the lever are mentioned? What is thecomnuon balance? In the common 
steelyards, why is the p«wer or counterpoise made sa as t« move from place to place? 
How is the weight whi£h the csunterpaise balances in a particular case, shown? 
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The Torsion Balance, which is 
now much used, consists of a steel 
wire bent in the form of a helix, as 
shown separately in the figure, and 
placed in a case, P P, for a support. 
From the upper end of the spiral 
spring a wire passes through the cen- 
tre of the helix, and has a scale-pan 
attached to it below. P P is a plate 
of brass attached to the case contain- 
ing the spring, with a slit in the cen- 
tre through which a point from the 
spring projects, and indicates (by 
means of the figures,) the weight of 
any substance placed in the pan. The 
depression of the spring is proportion, 
al to the weight. 

111. The second kind of lever is 
distinguished by having the power at 
one extremity and the fulcrum at the 
other, with the weight between them. 
In the next figure, which 
represents a lever of the 
second kind, the power is to 
the weight as the distance 
from the fulcrum F to the 
point X, where the power is 
applied, is to the distance from 
the fulcrum to the point to which the weight is attached; 
that is, the power is to the weight as F X is to F P. 

An example of the use of this kind- of lever, is seen in 
the case of two men carrying a burden on a pole be- 
tween them, one of whom may be considered the fulcrum 
and the other the power. It is evident the burden may 
be so suspended between them, that any given portion of 
its weight may fall upon either one of them. As other ex- 



Torsion Balance. 



f 



Lever, 2d Kind. 



Question. Describe the torsion balance. 111. How is tlie second kind of lever dis- 
tinguished) Wliat examples of the use of this kind of lever are mentioned? If two 
men are carr^rnff a weight on a pole between them, how must it be placed so that each 
shall sustain just one half of it? 
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amples of this kind of lever, common nut-crackers, chip 
ping-knives, and treadles to lathes, may be mentioned. 
— 112_. The third kind of lever is that in which the ful- 
crum is at one extremity, and the weight or resistance 
at the other, while the power is applied between them. 

It is illustrated in the figure 
in the margin, in which F is the 
fulcrum or prop, P the power, 
and W the weight as before. In 




'^m the use of this kind of lever, it 

Ler>er 3d Kind. ^i\\ ^g gggj^^ ^hcre must be al- 

ways a loss of power ; or, in 
other words, the power must always be greater than the 
weight. 

A man raising a ladder against the side of a building 
is an instance of the third kind of lever : the ladder 
itself is the weight, and the building against which its 
foot is placed, is the prop or fulcrum, and the man is the 
power. 

In the use of this lever, it will be observed, the weight 
moves through a greater distance than the power, con- 
trary to what takes place when the levers of the first 
and second kind are employed. Thus, the top of the 
ladder which the man is raising, passes over a much 
greater distance than his hands, which are considered 
the power. If, then, in using the levers of the first two 
kinds, we may be considered as exchanging time or 
velocity for power, in using this kind we make the re- 
verse exchange, and gain time by applying greater 
power. 

The most strikingwexamples of the third kind of lever, 
we are informed by anatomists, are found in the animal 
economy. Most of the limbs of animals are levers of 
this description : the socket of the bone is the fulcrum, 
a strong muscle attached to the bone near the socket is the 
power, and the hmb itself, with any body connected with 



Question U2. What is the third kind of lever ? In the use of this kind of lever, 
which must be greatest, the power or the weight 1 Is the object of the lever always to 
gain power 1 When a man raises a ladder against the side of a building, what is to be 
considered the p<^wer, weight and fulcrum 1 In the use of this kind of lever, does the 
weight or power move through the greater distance ? Where do we find the most 



ro 



NATURAL PHILOSOPHY. 



it, is the weight. The fore-arm, extending from the 
elbow to the wrist, affords an excellent instance. The 
arm-bone, which connects with one of the fore-arm 
bones at the elbow, is the fulcrum ; the large muscle 
lying on the fore-side of the arm-bone, is the power ; and 
the hand, with any thing contained in it, is the weight. 
The hand is raised by the contraction of the muscle, the 
motion of which can readily be felt by placing the left 
hand upon the right arm above the elbow, and then mak- 
ing an effort with the right hand, as if to raise a heavy 
substance. 

It is evident that, by this arrangement, to raise a 
weight in the hand, the force exerted by the muscle 
must be much greater than if it were applied directly to 
the weight ; but this disadvantage is more than compen- 
sated by other advantages equally important. 

It is not essential that the lever 
should always be straight ; it may 
be curved in different directions, 
or even bent at right-angles, and 
the result will be the same. The 
hammer with which a carpenter 
draws a nail from a piece of wood 
may be considered a lever, the 
arms of vt'hich make a right-angle 
with each other. 7^ 

Compound Lever. — Simple levers are sometimes 
™ so combined, that 

T^ i i 1, , 1 '^" . one, instead of act- 

ing directly on the 
«>Aveight, acts on a 
second, and this on 
a third, &c. ; and the 
of the whole on the 




HammeT and Nail. 
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Compound Lever. 



last exerts the combined effect 



weight. Such 
pound lever. 



a combination of levers is called acorn- 



striking examples of this kind of lever ? In the fore-arm, what is the power, what the 
weight, and what the fulcrum 1 How does the muscle raise the hand? In oriler to ' 
ra'se the hand, must the muscle exert a greater force than if it were applied directly to 
the hand"! Is it essential that the lever should be straight? 113. What constitutes the 
comptmnd lever? If three levers are combined in this manner, each having its longer 
arm twice the length of the shorter, what will be the ratio of the power to the welghtl 
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Whed and Axle. 



In the figure we have a system of levers of this kind. 
To calculate the ratio of the power to the weight, let us 
suppose that the long arm of each simple lever is just 
twice the length of the short arm : then P will be to P' 
as 1 to 2 ; and P' to P" as 2 to 4 ; and P" to W as 4 to 8. 
Therefore, 1 pound at P will just balance 8 pounds at 
W ; or the power is to the weight as 1 to 8. 

X U4.. The Wheel and Axle.— ThQ 
wheel and axle, as already inti- 
mated (106,) is generally con- 
sidered merely as a modification 
of the lever. . It is represented in 
the subjoined figure,! and consists 
of a cylinder, A, termed the axle, 
around which a cord is wound, 
turning on a centre, and con- 
nected with a wheel; R.] The 
resemblance of this mechanical 
power to the lever, will best be seen by a side view of 
the wheel, as in the next figure, in which R is the wheel, 
and A on». end of the axle, P the power, W the weight, 
and the point of support the fulcrum. It is evident that 
the radius of the wheel 'A C becomes the long arm of the 
lever, and the radius oY the axle A B the short arm ; ' 
'^consequently (108) the power must be to the weight as 
the radius of the axle is to the radius of the wheel. ' 

{li we suppose the wheel to be 
turned once round, it is plain that 
the power will fall a distance just 
equal to the circumference of the 
wheel, while the weight will be raised 
a distance equal to the circumference 
of the axle. ) But the circumferences 
of -circles are to each other as their 
radii ; (hence, the distance passed 
over by the power is as much greater 
than that passed over by the weight 
as the radius of the wheel is greater 

Question 114. What is the wheel and axle usually considered 1 Of what two parts 
does it consist 7 What is to be considered the long arm of the lever, and what the s'lort 
arm "i What will be the ratio of the power to tlie weight! If the wheel is Virned liUce 

7 
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ihap the radius of the axle ; or, more correctly stated, 
the distance passed over by the power is to the dis- 
tance passed over by the w^eight, as the radius of the 
wheel is to the radius of the axle ; that is, as the long 
arm of the lever is to the short arm.i \As a necessary 
consequence of this, if we multiply ihe weight by its 
velocity, or by the distance through which it moves, 
the product will be the same as if we multiply the 
power by its velocity. , That is, the momentum (95) 
of the power will always be just equal to that of the 
weight. Let us suppose, for instance, that the circum- 
ference of the wheel is 9 feet, and that of the axle 3 feet, 
then the power will be to the weight as 1 to 3 ; if we 
turn the wheel round once, the power will move 9 feet, 
and the weight 3 feet. But 1 x 9 = 3 x 3 = 9. 

115. The advantage of the wheel and axle over the 
lever, consists in its allowing a longer continued motion 
v/ithout cessation. .; Manifestly it can make no difference 
in the principle upon which this mechanical power acts, 
whether the force is applied directly to the rim of the 
wheel by means of a rope, or whether there are pins in 
the rim to be taken hold of by the hands, as in the 
first figure of paragraph 114, or whether the axle is 
turned with a crank or a single movable handspike, as 
we often see, in the use of the windlass on board of 
ships. 

Indeed, in every case, it is easy 
/^\ to see that the power describes a 
circle as really as when the wheel 
is used. Thus, when a crank is 
used, the hand applied to it re- 
volves in the circle R, and the 

power is to the weight as the 

Wheel and Axle. radius of the axlc is to the length 

of the crank. 

iThe capstan is merely an upright axle with a horizon- 
tal wheel, R, or a crank, which is equivalent to it. j iThe ad- 
round, how far will the weight and power move ? How much greater is the distance 
passed over by the power than that passed over by the weight 1 If we multiply the 
power by its velocity and the weight by its velocity, how will the products compare? 
115. In what does the advantage of the wheel and axle over the lever consist 1 
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The Capstan, 



vantage of the capstan over the 
ordinary wheel and axle, consists 
in its allowing the workman to 
walk around it, as he terms it, to 
move the weight. ) 
f 116. Wheels and axles may 
be combined to produce a com- 
pound machine, much in the 
same manner as the system of 
levers. ■ Examples of the kind 
are seen in clocks and watches, and in almost all kinds 
of machinery. /_ 

C^ The accompanying figure 

represents a system com- 
posed of three wheels which 
act upon each other by 
means of teeth ;,Jhe teeth 
in the circumference of one 
wheel connecting with 
those in the axle, usually 
called the pinion, of the 
next, j To estimate the me- 
chanical power of such a 
system, or the ratio of the 
power to the weight, /we have only to multiply together 
the number of teeth m the wheels, and also the number 
in the pinions, and the products thus obtained will them- 
selves express the ratio required, j Suppose each of the 
wheels F E G to contain 30 teeth', or to be of sufficient 
diameter to contain this number, and each of the pinions 
C B A only 5 ; then 30 x 30 x 30=27,000, and 5 x 5 x 5 = 
125. Consequently, the power P is to the weight W, as 
125 to 27,000 ; or, which is the same thing, as 1 to 216. 
Therefore, 1 pound at P will balance 216 pounds at WJ 
(Instead of teeth, the wheels are often furnished with 




Wheel Work. 



What is the capstan? How does it differ from the wheel and axle ? 116. How are 
several wheels and axles sometimes combined so as to act upon each other 1 How are 
they connected ? How is the ratio of the power to the weight to be calculated ? If there 
are three wheels with 30 teeth each, as in the tijrure, with pinions having each only, 5 
teeth connected together, how many pounds at W will be required to balance 1 pound 
«* P7 How is this number obtained? Are the wheels always made to act upon each 
other by means of teeth 1 
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bands, by the friction of which the motion is communi- 
cated from one wheel ,to the other. In such cases the 
wheels may be placed at considerable distances from 
each other, which is often of great importance. 

117. The Pulley.— The mechanical power usually called 
a pulley,(^onsists, injts_simpl£stjbrm, of a wheel having 
a groove m its circumference, so fixed in a block as to 
move freely upon a pivot in its centre, and having a 
cord or rope passing over it..i It 
will be seen, however, as we pro- 
ceed, that the use of this wheel 
i^s only to diminish the friction^ 
which, without it, would be so 
great as to render the machine 
quite useless.] 

118. There are two kinds of 
pulleys•-j^the fixed and the mov- 
able. » The marginal figure rep- 
resents a ' fixed pulley ; C the 
wheel, sometimes called the 
sheave, R R the cord, P the 
power, and W the weight. 'It is very evident that the 
power and weight, to balance each other, must be exactly 
equal ; consequently, no mechanical advantage is gained 
by it.'f But fit is of great importance often in changing 
the direction of motiom 

119. JA. mere inspection of the 
figure is sufficient to show that 
the only use of the wheel or 
sheave is to diminish the fric- 
tion ; for if the cord, S, passed 
over a block of wood, B, as in 
the next figure, in order that the 
power and weight may balance 
each other, they must be equal. 
But if sufficient power is to be 
applied to raise the weighti^ there 

Question 117 What is the pulley t What is the use of the wheel ? 118. What two 
kinds of the pulley are there 1 How must the power and weight compare in order to 
balance each other over a single fixed pulley ? Why is the fixed pulley still used, if no 
mechanical advantage is gained by if? 119. What would be the effect if the cord was 
made to pass over a block of wood instead of a wheel 1 How may a person raiw. uim- 
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would be great loss by reason of the friction of the cord 
upon the wood^ The cord and the block would also be 
so rapidly worn away as to render it entirely useless in 
practice./ 

Though no direct mechanical advan-, 
tage is ordinarily gained by the use of a 
fixed pulley, yet a man may raise himself 
by means of it by exerting a force equal 
to only half his weight. 

^Thus, let a man be seated in a chair 
having one end of a rope attached to it ; 
the other end, after passing round a fixed 




Fixed PvMey. 



pulley, returning to his hand. If he now 
pulls downward by an amount equal to 
half his weight, he will be supported one- 
half by the direct effort of his hands, and 
the other half by the chair. This is some- 
times found a very convenient method for 
a person to let himself down into a well, 
and to draw himself out again./ "^ 
120. The next figure represents the 
movable pulley. In this, one end of 
the cord is attached to a fixed support, 
A, and to the other end the power is 
applied. As both parts of the cord 
will have an equal tension, it is evident 
one-half of the weight W will be sus- 
tained by the hook A, and the other by 
the power P ; hence, the power will be 
to the weight(as 1 to 27) Instead of 
pulling upward with the hand, as re- 
MuTiabie Pulley. presented in the figure, it is usual to 
have the cord passed over another fixed 
pulley. 
It will now be still more plain, if possible, that the 
only use of the grooved wheel, or pulley, is to diminish 
friction, the peculiar advantage of the power in no 

self by means of a fixed pulley t What part of his own weight would he have to draw 
up with his hands? 120. When the fixed pulley is used, by how many cords is the 
weight supported 7 How many supfiort it when a single movablfs pulley is usedl 
What f...-ii is the ratio of the power to the weight J 
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respect depending upon its use. If, in this last case, we 
should dispense with it, and substitute a mere block, as 
before, the action of the cord would be precisely the 
same, except in regard to friction. The weight would 
still be supported by the two parts of the cord, and the 
power would be to the weight in the same ratio as before. 
Should not this mechanical power, .therefore, be called 
the cord rather than the pulley ? 

121. In raising a weight by a single movable pulley, 

as just described, it will be seen the power (has to pass 

over twice the space which is traversed by the weiglit ; 

that is, as in the case of the lever (108,) or the wheel 

and axle (114,) the space passed over by- 

the power is to that passed over by the 

■ A " weight as the weight is to the power. That 

" the power has to pass over twice as much 

space as the weight, will be evident 'from 
the consideration that, to raise the weight 
one inch, both cords which support it, or 
rather both parts of the cord, must be 
shortened an inch, which would require the 
hand to move two inches\ 

122. Usually, in practice, several pulleys 
are combined, as is shown in the annexed 
figure. Here are two fixed pulleys in the 
block A, and two movable ones in B ; and 
the weight W is sustained by four cordsy 
or, which is the same thing, by four parts 
of the same cord. As all parts of the 
cord are equally extended, each of them, 
of course, sustains one-fourth part of the 
]||-w weight ; or the power P is to the weight 

W as 1 to 4. In other words, a power of 
Tackte. J pound Is made to counterpoise a weight 

of 4 pounds. 
In this instance it will be perceived, that in order to 



Question 121. When a single movable pulley is used, how much more space must 
tne power pass over than the weight ■? How does this appear? 122. When there are 
two lixed and two movable pulleys, by how many cords is the weight (sustained 1 How 
many pounds at W will a power of 1 pound at P counterpoise 1 How far must th 
power P move in order to raise the weight 1 inch ? How dots thiB appear? 
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raise the weight 1 inch, each of the ropes must be 
shortened an inch, which will require the power to move 
through 4 inches ; which also accords with the maxim, 
that what is gained in power is lost in time. 
^ 123. There may be more than two fixed and two mov- 
a,ble pulleys used, but in every case, with a single excep- 
tion shortly to be mentioned, the power will be to the 
weight (^as 1 to twice the number of movable pulleysj 
Thus, when only one movable pulley is used, the power 
is to the weight as 1 to 2 ; when there are two movable 
pulleys, they will be to each other as 1 to 4 ; when three 
are used, as 1 to 6, and so on.^ / ' <l 

124.\There is, indeed, one case,' as above intimated, in 
which this rule requires to be slightly modified. In the 
above figure, it will be seen, the rope is attached to the 
block containing the fixed pulleys at C ; if, instead of this, 
it had been attached to the block containing the mov- 
able pulleys, as at D, then it is plain there would have 
been five ropes to sustain the weight, each of which 
would sustain a fifth ; and the power would be to the 
weight as 1 to twice the number of movable pulleys, plus 
one ; or as 1 to 5. In this case, one more fixed pulley 
would have been required. * 

/Instead of having the pulleys placed one above another, 
as here represented, in practice they are usually placed 
/side by side, but the result is the same.j 
'^^y^ 125. Sometimes the cord, or rope, instead of being 
entire, as represented above, is divided into several parts, 
each pulley hanging by a separate string, one end of 
which is attached to a fixed beam. 

By this arrangement, we gain a great increase of power, 
attended by a corresponding loss of time. We may 
estimate the power gained as follows : First, the power 
P, which we will suppose 1 pound, exerts its force on the 
movable pulley A, over the fixed pulley F, the other end 
of the cord being attached to the beam above. The pulley 

Question 123. When more thau two movable puUeya are employed, how will the 
power be to llie weight! If (here are eight movable puileya how many pounds at W 
will 1 pound at P be sufficient to coutUtrpoisel 124. What exception to this rule ia 
mentioned 7 Is if necessary that the sheavts or wheels in the same block should be 
placed one above another 1 125. How ia the action of the system of pulleys ia the lol. 
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Compound Pulley. 



A is therefore drawn upward by 
a force of 2 pounds. But the 
first movable pulley A is connected 
with the second pulley B by the 
cord 2, 2, in the same manner as 
the weight P is with A by the 
cord 1, 1 ; consequently, the pul- 
ley B must be drawn upwai'd by 
a force of 4 pounds. In like man- 
ner it may be shown that the third 
movable pulley C must b^ drawn 
upward by a force of 8 pounds. 
(By this arrangement, therefore, a 
power of 1 pound is made to bal- 
ance a weight of 8 pounds ; or, 
in other words, the power is to the 
weight as 1 to 8. j (If another pul- 
ley were added, it is evident the weight which thei same 
power would sustain would be doubled, or the power 
would be to the weight as 1 to 16.) 

In estimating the effect of particular system.s of pulleys 
we have left out of the account the weight of the bioclj 
and pulleys themselves, which is sometimes considerable. 
-Usually, they operate against the power ; that is, a por- 
tion of the power is required to be expended to counter- 
balance their weight ; but, in some cases, they are made 
to act in favor of the power. 

Such a case is seen in the next figure. One pulley, 
it will be seen, is fixed ; but the weight of the other two 
assists the power P to counterbalance the weight W. 
The figures by the side of the cords show the part sus- 
tained by them ; and the power is to the weight as 1 to 
7. In reality, however, a little more must be added to, 
the weight W to counterbalance the two pulleys. 

Other modes of using the pulley are not here discussed, . 
nor the various methods that have been adopted to 



lowing figure explained 1 What weight at W will 1 pound at P sustain? If another 
pulley were added, what would be the ratio of the power to the weight? What i& a 
eystem of pulleys called 1 In the above estimates, has the weigiit of the pulleys them* 
selves been taken into account t What is the proportion of the power to the weigh* 
in the system represep*.ed in the figure on the following page 1 
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obviate particular difficulties. In 
every system of pulleys, the same pro- 
portion, so often noticed, between the 
space passed over by the power and 
that passed over by the weight, will 
be observed (122 ;) if, as in the above 
case, the weight is 8 times the power, 
then the power will move 8 times as 
far as the weight, and of course its 
velocity will be 8 times that of the 
weight. I In practice, a system of pul- 
leys is usually called a tackle. 
"Sji- 126. The Inclined Plane. — The in- 
clined plane, as its name imports, is 
a plane inclined more »r less t© the 
horizonj; and the mechanical advan- 
tage gained by its use will always be 
in proportion as its length is greater 
than its perpendicular height.^ ^^^ 

In the inclined plane, 
B C, let us suppose that 
B G is five times A C : 
then, in order to pro- 
duce an equilibrium, the 
weight W must be five 
times the power P, the 
cord connecting them 
being supposed to pass 
over the fixed pulley, F. To understand how this effect 
is produced, the weight W may be supposed to be divided 
into two parts, one of which, equal to four-fifths of it, is 
supported directly by the plane itself, while the other 
part, equal to one-fifth, tends to carry it down the plane, 
and is supported by the power P. If the weight is drawn 
up from B to G, it is evident the power P must pass 
through five times the perpendicular distance the weight 
W does. For, suppose the weight to be at B, and- the 




Inclined Plana 



Question 126. What is the inclined plane ? In what proportion will be the advan- 
tage gained by it ? If the length of the blane is five times its height, what will be the 
rat.o of file power to the weightl If the power sustains but one-fifth cit the weight 
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power at F, the cord extending from P to W; as the 
weight W ascends from B to C, risihg perpendicularly the 
distance A C, P must descend a distance equal to B C, 
which is 5 times A C. Therefore, though it requires only 
one-fifth as much force to raise the body up the inclined 
pl^ne that would be necessary to raise it perpendicularly, 
yet it has to move five times as far, and with the same 
velocity it of course would require five times as much 
time. The same principle just discussed (121,) will again 
be here noticed. 

The velocity a body will acquire in falling down an 
inclined plane, (making no allowance for friction,) is the 
same as it would acquire in falling freely through an 
equal perpendicular height. That is, a body falling from 
C to B, down the inclined plane, will attain precisely the 
same velocity, as if it fell perpendicularly from C to A. 





The Wedge. 



The Wedge. 



127. The Wecfo-e.— (The wedge is composed of two in 
clmed planes, united at their bases, as A and B in the 
figure.) tit is little used except in cases where a great 
force is to be exerted only at very small distances.] ^he 
advantage gained by it is generally considered to be in 
proportion to its length as compared with half its thick- 
ness. \ In practice, too, it allows percussion to be used, 
instead of simple pressure, by which the effect is greatly 



how are the other four-fifths supported? In drawin^up the weight through the length 
of the plane, how much further perpendicularly will the power move than the weightl 
127. What is the wedge composed of? In what cases is it chiefly used 1 In what pro 
portion is the advantage gained by it 1 Can \\b powei' be accurately calculated % 
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increased ; [ but its power can not be very accurately 
calculated.) 

The wedge is much used in splitting wood and other 
substances ; and, indeed, several of our domestic instru- 
ments are modifications of it, as the knife, chisel, axe, &c. 
Needles and pins may also be considered as very 
acute wedges. Y 

128. The Sa'eiu.— (The screw is al- 
ways composed of two parts, the exter- 
nal and the internal screw^ (The exter- 
nal screw consists of a cylinder with a 
spiral protuberance winding round it, 
called the thread. J It is well represented 
by taking a cylinder, A B, and winding 
round it a piece of paper cut in the form 
of a right-angled triangle. The hypoth- 
The Screw. cnuse of the triangle will form the thread, 

which differs in nothing from the in- 
clined plane except its spiral formJ 

' ' 129. (The internal screw is 
Sometimes called the nut, and con- 
sists of a block with a cylindrical 
hole, having the thread or spiral 
protuberance so cut inside, that 
the thread of the external screw 
will exactly fit between them. In 
the annexed figure, S represents 
the external screw, and N the in- 
ternal screw or nut.j 

The thread of the screw may 
be cut square, as in A, (see next 
page,) or wedge-shaped, as in B; 
but it is more frequently seen 
of the latter form especially when 
made of wood. 
130.\In using the screw as a mechanical power, two mo- 
tions are necessarily produced ; one of the parts must be 

QtTESTioN 128. Of what two parts is the screw composed 7 What does the external 
screw consist ofl How may it be represented ? 129. What does the internal screw 
consist of, and what is it called 1 In what two forms Is tlie thread of the screw cut 1 
130. When the screw is used, wliat two motions are produced 1 How far will the 
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made to revolve on its axis, 
and one or the other must at 
the same time advance in the 
direction of the length of the 
cylinder on which the exter- 
nal screw is cut. In the above 
figure, the external screw is 
supposed to be turned by- 
means of the handle L ; and 
it is plain that it must at the same time advance either 
upward or downward according to the direction in 
wliich it is turned. But this arrangement is not essen- 
tial ; the parts mjiy be so formed that either one may 
revolve and either one advance, but not both at the 
same time. Whichever part is made to revolve, a single 
revolution will always cause an advance just equal to 
the distance between the threads. These two motions 
of the screw may be well illustrated by grasping firmly 
the thread of a small screw between the thumb and 
finger of the left hand, and turning it at the same time 
by the right hand applied to the head. As it is turned, 
it at the same time passes through between the thumb 
and finger in the direction of its length. Here both 
motions are communicated to the external screw, but 
this is not necessary ; if the head of the screw, as it 
is termed, is held against some fixed body, the thumb and 
finger, which constitute the nut, will move in the direc- 
tion of the length of the screw. 

V 131. If the screw were used in this simple form with- 
out a lever, the advantage gained by it would be in pro- 
portion as the distance round it is greater than the dis- 
tance between the threads, the former of which may be 
considered the length of the inclined plane, and the latter 
its height (128.) But the screw is seldom if ever used 
without a lever to turn it, by which its power is greatly 
increased. To the end of this lever the power is apphed, 
and the circumference of the circle described by it is 
thus to be considered the length of the plane. 

screw advance by a single revolution 1 How may these two motions of the screw be 
illustrated? 131. If the screw were used without a lever, in what proportion would 
be tile advantage gained 1 When the lever is used to turn the screw, in what proportion 
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To estimate the mechanical advantage of the screw, 
therefore, we have the following rule, viz. : As the dis- 
tance between any two adjacent threads is to the circum- 
ference of the circle described by the power, so is the power 
to the weight. 

Let us suppose it is required to calculate the power of 
a screw, the threads of which are ^ of an inch apart, and 
the lever with which it is turned is 3i feet long, and of 
course describes a circle, when the screw is turned, 22 
feet in circumference. The power ( 1 14) must be to the 
weight as the distance between the threads (i inch) is to 
the circumference of the circle described by the lever 
(22 feet.) We have then the following proportion : — 

As i inch : 22 feet =z 264 inches : : 1 : 1056; by 
which it appears that a force equal to 1 pound applied to 
the lever will balance a pressure of 1056 pounds upon the 
screw. But it is to be observed that in the use of the 
screw, the loss from friction is so great, that its power 
can not be calculated with any considerable accuracy. 

132. — Sometimes the 
threads of a screw are 
made to act upon the teeth 
of a wheel so as to turn it, 
as represented in the figure. 
It is then called a, perpetual 
screw. It will be seen that 
at every turn of the handle 
the wheel is carried for- 
ward one tooth, or the dis- 
tance between the threads 
of the screw. 

The screw is used in al- 
most an endless variety of 
operations in practical me- 
chanics, but chiefly in cases 
where a great pressure is 




Perpetual Screw. 



to be exerted through small distances 



is the advantage gained ? Suppose tlie threads of a screw are Jth of an inch apart, and 
the lever with which it is turned 34 feet in length, what will be the ratio of the power 
to the weight 7 132. How is the perpetual screw constructed f For what puzvoseB ia 
the screw used 1 
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133. Friction. — In the preceding investigations, no 
allowance has been made for friction, as the object, has 
been merely to calculate the ratio of the power to the 
weight when in a state of equilibrium ; but, if the 
weight is to be raised, friction must necessarily be pro- 
duced between the different parts of the machinery ; 
and, in order to overcome it, the power must be consider- 
ably increased above what has been estimated. As a 
general rule, the loss from friction is supposed to be equal 
to about one-third of the power which is applied ; that is, 
if, by the use of a machine, a weight of 150 pounds is 
exactly balanced by a power of 30 pounds ; then, to put 
the weight in motion will require an addition of one-third 
of the original power, or 10 pounds, making 40 pounds 
in all. 

But the resistance of friction in some of the mechanical 
powers is m.uch greater than in others ; the .lever is least 
affected by it, while in the screw and wedge it is enor- 
mous. 

134. Friction is of two kinds, the one occasioned by a 
body gliding over another ; the other by the rolling of a 
circular body. The latter is usually much less than the 
former. Owing to this, friction-rollers are sometimes 
used with the view to diminish the resistance. So cyMn- 
ders of wood are placed under very heavy masses, as 
buildings, in moving them, for the same purpose. Where 
rollers can not be used, the rubbing surfaces are generally 
lubricated by smearing them with oil or grease. 

135. The air also opposes considerable resistance to 
all bodies moving in it, and this I'esistance becomes very 
considerable when the motion is rapid ; but no account 
is made of it in the preceding investigations in regard to 
the mechanical powers. ' 

Question 133. Whatallowance for loss by friction is usually to be made 7 Ifaweiglit 
of 150 pounds is balanced by the use of a machine by a power of 30 pounds, how much 
additional power will be required to put the machine m motion and raise the weight? 
Are all the mechanical powers equally affected by friction ? Which is least affected by 
it 7 134. What two kinds of friction are there 7 Which is the greatest 7 What are 
friction rollers 7 For what purpose are cylinders of wood usually placed under build- _ 
in^s and other heavy bodies in moving them 1 What is the object of greasing the joints' 
ofmachinery 1 135. What is said of the resistance of the air 1 



CHAPTER II. 

HYDROSTATICS. 

136. This branch of science treats of the nature, pres- 
sure, and motion of fluids in general, and their relation 
to solids. ' 

Muturt fif fluids. — A fluid is a substance which yields 
to the slightest pressure, the particles moving , freely 
among themselves. There are two kinds of fluids, liquid 
and gases, in the former of which there is a slight cohe- 
sion among the particles, but in the latter there is none. 
In this chapter we propose to confine ourselves entirely 
to the former. 

137. Fluids are subject to all the laws developed in the 
preceding pages, with such modifications only as depend 

• upon their peculiar constitution ; they obey strictly the 
laws of gravitation and motion in cases where the ready 
mobility of their particles does not interfere. \A mass of 
water or other fluid, in falling from a height, would pro- 
duce the same effect as an equal mass of a solid, if no 
opposing cause existed ; )and the reason why no one fears 
the fracturing of his skull by the dashing of a quantity of 
water upon him from an elevation, is because the parti- 
cles ar.e so easily separated from each other ; the mass is 
broken merely by the resistance of the air, and conse- 
quently the momentum of the whole can not be made to 
act on a single point, as is the case with solids, (if the 
particles of the mass are made to cohere by freezing, then 
Its mechanical effects will be the same as those of any 
other solid. \ 

138. iLixjuids are slightly compressible.' This was for a 
long time doubted ; but, from the result of many very ac- 

QUESTION 136. Of what does the branch of science called Hydrostatics treat 1 What 
Is a fluid 1 137. Are fluids subject to the laws which have been already discussed i 
Do they obey the same laws of gravitation as solids 1 Why do not fluids in falling pro- 
duce the same mechanical effects as solids? It the particlesof water are made to cohere 
>y freezing, what would be the effects of the falling of a mass 1 138. Are liquids com- 
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curate experiments, it is found that water, which may be 
considered as the representative of liquids in general, is 
diminished about /46 raillioneths of its volume for a pres- 
sure of 15 pounds to the square inch, and in the same 
ratio for a greater pressure. An apparatus — somewhat 
complicated — has been invented, by which the compressi- 
bility and elasticity of water have been demonstrated in 
a very satisfactory manner. 'When the pressure is re- 
moved, in consequence of its elasticity, it immediately 
expands and then occupies the same space as befbrej 
'But all liquids are not equally compressible.^ 

' 139. (The accompanying figure will 

give some idea of the apparatus which 
has been used . to demonstrate the com- 
pressibility of liquids. A B C D is a sec- 
tion of a strong glass vessel having firmly 
cemented on its upper part A B a me- 
tallic cylinder, E F, with a piston, G, 
fitting it perfectly tight, and capable of 
being forced down upon the water con- 
tained in the vessel by means of the 
screw H. K is a bottle of glass, having 
its neck drawn out into a small tube ; 
and after this bottle is filled nearly full 
with water, a small globule of mercury 
is introduced so as to rest upon the sur- 
face of the water, and serve as an index. 
To the neck of the bottle a metallic scale 
is attached with equal divisions marked 
upon it. This bottle thus prepared is then placed in the 
large glass vessel which is to be filled with water, and 
then the piston inserted and screwed down upon the 
water. The water in the small bottle contracts under 
the pressure, as will be shown by the descent of the 
globule of mercury in the neck of the bottle. 

By knowing the capacity of each of the small divisions 




pressibte? By what part of its volume is water compressed by a pressure of II 
pounds to the square inch 7 How is the apparatus constructed which is used to demon- 
strate the compressibility of liquids'? Wnen the pressure is removed, will the liquid 
possess the same volume as at first 1 Are all liquids equally compressible I 13S- f)e* 
BCTibe the apparatus for determining the compressibility of water. 
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of the neck of the bottle as compared with the bottle it- 
self, the amount of the contraction may be determined. 

140. {Though the particles of liquids move freely 
among themselves, there is, as we have heretofore seen, 
a slight attraction between them, 'as is shown by their 
adhering together to form the drop. ^ But it is very slight ; 
and each particle may therefore be considered as gravi- 
tating toward the earth by itself alone, entirely indepen- 
dent of the others by which it is surrounded. 

141. ^As a natural consequence of this, a mass of any 
liquid always takes the form of the vessel in which it is 
contained, however irregular it may be. By taking ad- 
vantage of this peculiarity of liquids, solids that are capa- 
ble of being melted are cast into any form which is 
desired. J The solid is first melted, and while in the liquid 
state poured into a vessel or cavity of the proper form 
previously prepared ; and when it has sohdified by cool- 
ing, it is found upon removal from its bed to be of the 
shape required. ^ 

142. CAs another consequence of this property of liquids, 
their surfaces will always be found when at rest to be 
perfectly level ; every particle at the surface will be 
equally distant from the point to which they all tend. 
This point, we know (26,) is the centre of the earth ; and 
hence the surface of a fluid must always partake of the 
spherical form of the globe.^ This is evident in large 
bodies of water, as the ocean ; but the sphericity of small 
bodies is so trifling in consequence of the great distance 
of the centre, that their surfaces appear to the eye per- 
fectly flat. 

If, however, the extent of surface is considerable, its 
spherical form becomes evident. Thus, when a ship 
is first seen in the distance at sea, only the tops of her 
masts appear in view ; but, as she approaches, more and 



Question 140. Do the particles of liquids possess any attraction for each other ? 
How is the slight cohesion of the particles shown 1 How do the particles of liquids 
gravitate 1 141. Why does a portion of a liquid in a vessel always talte the form of the 
inside of the vessel 1 How are metals and other solids cast in particular forms whicli 
may be desired 1 142. Why is the surface of a liquid at rest always level 7 Toward 
what point does every particle of a liquid tend to fall 1 Is the surface of a liquid at rest 
a plane 1 Why is not the convexity of the surface apparent in small bodies of \<a)er 1 
Why is t.ie top of the mast of a ship at sea visible before the lower parts ? Supposi a line 
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more of her sails are seen, until at length the whole shij 
becomes visible. So, when the sailor wishes to see a 
gi-eat distance, he ascends to the mast-head with his 
telescope, knowing that, in consequence of the spherical 
form of the surface, objects may be seen from that eleva- 
tion which are entirely hid from his view when upon the 
deck, j 

But even in bodies of water of comparatively limited 
extent, the curvature of the surface is not entirely imper- 
ceptible. If we suppose a lake two miles in diameter to 
be frozen over with fine smooth ice, and a line drawn 
across it perfectly straight, touching the ice in the centre, 
each end of it would be no less than 8 inches above it. 
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143. Liquids, on account of the great mobility of their 
particles, are capable of communicating any pressure ex- 
erted on them, equally in all directions. 

This is to be considered as entirely separate from the 
pressure resulting from the weight of the liquids them- 
selves. 

To understand the mode in which 
this pressure is distributed, let ABC 
D in the figure be a vessel filled with 
water or some other liquid, and P, a 
solid piston, fitting exactly the inside 
of the vessel, so that none of the 
liquid can pass by it. For the present, 
leaving the weight of the liquid itself 
out of the account, if P weighs ten 
pounds, this force will be sustained 
by the first stratum, x, of the fluid , 
and this by the next stratum, y ; this 
by the next, z ; and so on to the bottom of the vessel, by 
which the whole will be supported. If the Hquid were 




Pressure applied to 
Water. 



iwo miles long firawn perfectly Btraifflit over the surface of a frozen lake, so as jusi fo ■ 
foucti the ice in the middle, how high would each end be above the ice 1 143. In what 
dirtction do fluids transmit a (brce impressed upon them 1 How is the figure explained ' 
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removed, the piston would at once descend and rest upon 
the bottom directly, by which it would be sustained ; but 
this is done as really when the liquid is contained within, 
its weight or pressure being transmitted by the liquid to 
the bottom. 

If, while the piston is in the position represented in the 
figure, the water should be frozen, supposing it not to ad- 
here to the sides of the vessel, it is plain that the piston 
would rest upon the ice, and the ice upon the bottom of 
the vessel ; or, in other words, that the pressure of the 
piston would be transmitted by the ice to the bottom of 
the vessel. But the mere circumstance of the water being 
frozen can not change the transmission of the pressure ; 
the weight or pressure of P must be sustained by the 
bottom alike in both cases. 

y 144. (But as the shape of the fluid will conform to the 
bottom of the vessel accurately, if the whole surface of 
the bottom is pressed -by a force of 10 pounds, one-half 
of it will of course sustain 5 pounds, one-tenth 1 pound, 
and so on ; that is, if we suppose the surface of the bot- 
tom of the vessel to contain 10 square inches, each inch 
will sustain a pressure of 1 pound, i 

145. Thus far we have spoken only of the pressure 
upon the bottom of the vessel ; but, in consequence of the 
freedom of the particles to move among themselves, the 
same pressure will be transmitted to the sides of the 
vessel also ; and if an aperture be made, the liquid will 
■gush out with the same force as if made at the bottom. 
If an aperture be made at the side, just equal in size to 
the piston, the force required to be apphed to a second 
piston inserted in this aperture to keep the liquid in, will 
be precisely equal to the weight of the first piston, (or ten 
pound^. If the aperture in the side be only half or a 
quarter as large as the piston P, and a second piston in- 
serted,(Jhen only a proportional force will be required to 
keep it in its place) 

1 

Would the water as really support the piston when liquid as when frozen 7 144. If tlie 
whole surface of the bottom is pressed by a foixe of lo pounds, how much will be the 
pressure upon one-half or one-tenth of it ? 145. Is tliere a pressure against the sides of 
the vessel as well as against the bottom? If an aperture were made in the side of the 
vessel of equal size w-th the piston, and a stcond piston inserted into it, what weight 
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Again, if a perforation be made in the piston P itself, 
the liquid will rush upward from below in a jet d'eau, 
which shows that there is also an upward pressure. Upon 
trial, this upward pressure would be found precisely equal 
to the downward or the lateral pressure, which proves 
that liquids transmit forces acting on them equally in all 
directions. 

146. Some very important consequences result from 
this property of liquids to transmit force equally in all 
directions. 

Let ABCD be a close 
vessel, the top of which is 
horizontal, and O O' two 
apertures having tubes _in- 
serted in them, which shall 
be just an inch square in- 
side ; and let P P' be pistons 
accurately fitted into these 
tubes. Let us now suppose 
the vessel filled with water, 
and a weight of 1 pound ap- 
plied to one of the pistons ; 
it is plain that every square inch of the internal surface 
of the vessel would receive a pressure of 1 pound, which 
would be shown by the rise of the other piston, if it were 
not loaded by a weight equal to that placed upon the first. 
If, therefore, the whole internal surface' of the vessel is 
supposed to contain 1000 square inches, a load of one 
pound applied to one of the pistons produces a pressure 
upon the vessel of 999 pounds ; and so in proportion to 
any other weight applied to the piston. 

147. In the above case we have supposed the two pis- 
tons equal ; but let us suppose now that the tube 0', is 
ten times as large as the tube O, and the piston P' of 
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would be required to keep it in its place t If an aperture were made in the piston P 
itself, what would be the result 1 Would the upward pressure be equal 10 the down- 
ward or the lateral pressure 1 146. If the internal surface of a vessel be supposed eqnal 
to 1000 square inches, and an aperture an inch square be made, and a pressure of a 
pound be applied by means of a piston, bow mnch force will be exerted upon the whole 
inside of the vessel! If a second piston be inserted of the same size of the first, when 
the first is loaded with the weight of a, pound, what will be the effect upon the second t 
147. If we suppose the piston O' to be 10 times as large as O, how many pouuds upf 11 
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course ten times as large as 
P. If the piston P be loaded 
with a weight of 1 pound, a 
corresponding pressure will 
be transmitted to every por- 
tion of the internal surface 
of the vessel A B C D ; but the 
piston P' being ten times as 
large as P, it will require a 
load of 10 pounds to counter- 
balance the 1 pound upon P. 
If P be loaded with a weight of 100 pounds, then 1000 
pounds would be required upon P' to counterbalance it. 

We have made no allowance in these calculations for 
the friction of the pistons, which, in making the actual 
experiment, would be very considerable, but would not 
affect the principle designed to be illustrated. 

148. The Hydraulic Press. — It will readily be perceived 
that in the application of the principle above discussi.J 
we have the means of producing great pressure by the 
use of a comparatively small force. 

This is accomplished in the 
machine called the Hydrostatic 
or Hydraulic Press. A is a 
small cylinder with a solid pis- 
ton, which is worked by the 
handle H, and from the lower 
part of it a strong tube, B, ex- 
tends to a larger cylinder, in 
which a strong, heavy piston, P, 
is fitted so accurately as to move 
up and down in it without al- 
lowing any water to escape by 
it. C is a tube leading to a cis- 
tern of water. Now, if we sup- 
pose the diameter of the cylin- 
der A to be 1 inch, and that of 




Hydraulic Press. 



V will be required to counterbalance 1 pound applied to P 7 Is any allowance made 
for the friction of the piston 7 148. How is the Hydraulic Press constructed 1 If the 
smaller cylinder is 1 inch in diameter, and the larger 6 inches, how many pounds ap- 
plied to the larger piston will 1 pound applied to the smaller counterbalance 7 If by 
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the other cylinder 6 inches, the surface of the lower end 
of the piston P will be 36 times that of the small piston 
in the cylinder A ; and a weight of 1 pound applied on 
the small piston will produce a pressure upon P, tending 
to raise it, of 36 pounds. But as the handle H acts as a 
lever, a man can easily, by means of it, apply a force of 
several hundred pounds, which will be increased, as we 
have seen, 36 times by the action of the machine. Let 
us suppose the man, by resting his whole weight upon the 
handle H, produces a pressure of 400 pounds upon the 
piston in A, then the piston P will be raised by a force 
equal to 400 x 36= 14,400 pounds. 

149. It is remarkable, that in this machine also, the 
space passed over by the power will always be to that 
passed over by the weight, as the weight is to the power, 
(121.) For, as the large cylinder is 36 times that of the 
smaller, when the small piston is forced down one inch, 
the water driven by it into the larger cylinder will fill it 
up only gV of an inch, and consequently the larger piston 
P will be raised only that distance. 



PKESSURE PnODUOED BY THE WEIGHT OE HdUIDS. 

150. Pressure Proportional to Depth. — It is to be ob- 
served that thus far we have spoken only of pressure 
which may be applied to a liquidji leaving entirely out of 
account the weight of the liquid itself, and the pressure 
resulting from it. This we will now proceed to consider. 

It is evident that a portion of the liquid in a vessel may he 
supposed to constitute the piston P, (143,) for its pressure 
upon the portion below it will be just the same as if it 
were solid, and the pressure will be transmitted in the 
same manner to the bottom and sides of the vessel. 

151. Let A B C D be a vessel w'ith upright sides filled 
with water or other liquid. Let us suppose a portion 

means of a lever a man can apply 400 pounds to the smaller piston, how much force 
will be exerted upon the larger "i 149. What is the proportion between the distance 
passed over by the power and that passed over by the weight ? How does it appear 
that when the power moves 1 inch, the piston, and of course the weight, will be raised 
only one-thirfy-sixth of an inch 1 150, Thus far, have we been speaking of pressure ap 

f)lied to the surface of a liquid, or of the pressure resulting from the weittht of the liquid 
tsein 151. How is the figure in paragraph 151 explained 1 How will the pressure cf 
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yB of the liquid AEFB separated 

-p from the liquid below by a thin film, 
E F, of some substance ; it is plain, as 
has been remarked, that the pressure 
of the upper portion thus separated 
from the rest upon the part below, 

-jj will be the same as if it were solid ; 

t» for its weight will be sustained by 
Pr.,sure of Liquid,. ^^ , ^^^^ j^^ ^^ suppose that another 

portion of the liquid, E G H F, equal 
to the first, is in like manner separated by a film, G H; 
from the part below ; it is evident this will exert a pres- 
sure equal to that of the first portion ; and the whole 
pressure on the surface G H will be twice as great as 
that at the surface E F. If below this we should take 
a third similar portion of the fluid, the pressure upon the 
surface on which that would rest would be three times 
that of the first portion, and so of any other proportion. 

It will be seen, therefore, that the pressure of the fluid in 
the vessel increases as we descend exactly in proportion 
to the depth or distance perpendicularly below the sur- 
face. ,' 

We have, then, this principle, viz. : The pressure of a 
liquid at different distances below the surface is always 
proportional to these distances. 

152. This pressure, it will be observed, at any given 
point, is nothing more than the weight of the liquid above 
that point ; and of course the heavier the liquid is, the 
greater will be the pressure, the distance below the sur- 
face being supposed the same. * The pressure of mercury, 
therefore, is greater than that of water, and the pressure 
of water greater than that of alcohol or ether. 

It is to be observed, too, that though the pressure of 
liquids increases in proportion to the distance below the 
surface, still, at any given mathematical point, it will be 
equal in every direction ; that is, at this point, the up- 
ward, downward, and lateral pressure, will be precisely 

a tiquii] vary at different distances below the surface ? 152. From what does this pres- 
sure result t Will the pressure of all liquids be the same at the same depth 7 Though 
the pressure increases as we descend below the surface, will it always be the same i a 
every dircC^iQU at any given point 1 
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the. same. But, if we take any appreciable portion of 
surface, unless it be horizontal, this will not be the case, 
as the downward pressure will be greatest. But this will 
shortly be explained more fully. 

153. The pressure on the bottom of a vessel with up- 
right sides, when filled with a liquid, will of course be just 
equal to the weight of the liquid, and this is proportional 
to the surface of the bottom and the perpendicular height. 
But it can be shown that in all vessels, whatever the 
form, the pressure on the bottom (supposed to be per- 
fectly horizontal) will be the same as if the sides were 
upright. That is, the pressure on the bottom of a vessel 
filled with a liquid is equal to the weight of a column of 
the liquid whose base is equal to that of the vessel, and 
whose height is the same as the depth of the fluid in the 
vessel. 

Let ABC be a 
glass tube, having a 
brass collar cement- 
ed on at A, into 
which vessels of dif- 
ferent shapes, D, 
E, and F, may be 
screwed. The tube 
A B C is filled with 
mercury up to the 
dotted line A C, and 
the vessel D is then 
screwed on A, and 
water poured in until it rises to h. The surface of the 
mercury at A will be the base of the column of water, 
and will of course be forced downward by the weight of 
the water, and made to rise above C, at the other end of 
the tube, we will suppose, to the point p. If now we un- 
screw D, and substitute either of the other vessels, E or 
F, or, indeed, one of any other shape, and fill it with 
water to h, the mercury in the tube will in every case 




Question 153. What is the pressure upon the bottom of a vessel filled with a liquid 
equal to 1 Is this pressure independent of the form of the vessel ? How may this 1» 
proved by means of the apparatus described 1 In the case of the fttnusl-sbaped vessel 
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rise exactly to p, proving conclusively that the pressure 
exerted by fluids is independent of their quantity, and 
varies only with the perpendicular height, the base being 
the same in each case. In the case of the funnel-shaped 
's-essel, E, the inclined sides support part of the weight of 
the fluid ; and when the small vessel, F, is used, a part 
of the downward pressure is counterbalanced by an up- 
ward pressure against the sides of the vessel where its 
diameter is diminished. 

154. By availing ourselves of this law, a very powerful 
force may be exerted by a small quantity of liquid. If, 
for instance, a cask be filled with water, and a small 
tube, say i of an inch in diameter, and 20 feet long, be 
closely inserted in the bung-hole, and water poured in, 
the pressure will be sufficient to burst the cask. 

i Hydrostatic Bellows. — The 
^—^ /^well-known philosophic toy called 

the hydrostatic bellows, illustrates 
the same fact ; this consists of 
two flat boards, B C and D E, 
united by leather, A. A short 
tube communicates with the in- 
terior of the bellows, and termi- 
nates in a faucet, by which the 
water used in the experiment is 
drawn off". From this short tube 
a long tube, T, rises perpendicu- 
larly, and terminates in a funnel, 
F. The upper board, BC, is 
loaded with weights, W, which 
press it against the lower board, D 
E ; the leather which unites them 
being collected in folds between 

Hydrostatic BeV^s. ^^^^ jj. ^^^^ ^^^^^ j^ ^^^^^^ 

into the funnel F, it will descend 
and enter between the boards ; and, by continuing the 
supply, a column will be maintained in the tube, which, 




E, how is a part of the weight supported 1 164. How may a very powerful force be ex- 
erted by a small quaotity of water ? How \at\ie hydroetaticbeUpiDB coDBtructedl How 
are the weights raised that are placed on the upper board T 

9 
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by its pressure, will gradually raise the upper board with 
its load as high as the leather which unites the boards 
will permit. 

155. In the hydrostatic bellows we see the powerful 
upward pressure of the column of water within, which is 
^flual to the weight of a column of water having the 
upper board, B C, for its base, and for its height, the height 
of the water in the tube T^ The pressure of the water in 
the tube, it will be seen, serves the same purpose as the 
small piston in the hydraulic press (148;) and by increas- 
ing suiEciently the length of the tube, any amount of 
pressure can be produced. 

(^On account of this upward pressure of liquid^ if a hole 
is made in the bottom of a ship, the water rushes in with 
great forces, 

156. Lateral Pressure of Liquids. — We have hereto- 
fore seen (152) that the pressure of a liquid at any point 
is the same in every direction, and is proportional to the 
depth beneath the surface. We have seen, too, that in 
the case of pressure applied to a liquid, the force exerted 
on any part of the inside surface will be in proportion to 
the extent of that surface (147;) that is, if we are able to 
determine the amount of the pressure on one square inch 
of the surface, it will be twice as much on 2 square inches, 
three times as much on three square inches, &c. So, 
the upward or downward pressure of a liquid itself on 
any surface, at any given depth, will be proportional to 
the extent of the surface, and will be entirely independent 
of the form of the vessel (153.) But the same can not be 
said of any portion of the surface of the sides of a vessel 
filled with liquid, for the reason that every part of this 
surface will not be at the same depth beneath the liquid ; 

- the lower part must be at a greater depth, and, therefore, 
subjected to greater pressure than the upper part. 

If a cubical box be filled with water, it is found the 
pressure on one side is just equal to half that upon the 

Question 155. What is the upward pressure in the hydrostatic bellows equal to ? 
Why does water rush into a ship when a hole is made in the bottom 1 156 Is the pres- 
sure of a liquid on the inside of a vessel proportional to the extent of surface 5t;vWliat is 
said of the pressure upon a portion of surface in the side of a vessel ? If a,.Cnhical vps- 
sel be filled with water, how does the pressure upon one side compare with that upon 
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Embankment. 



bottom ; that is, the pressure is the same as it would be 
if the side were changed into a horizontal bottom, and 
half the depth of liquid rested on it. 

In consequence of the in- 
creasing pressure of water as 
the depth increases, dams and 
embankments to contain it are 
always made much thicker at 
the bottom than at the top, as 
shown in the figure. 
157. The pressure of liquids at very considerable 
depths below the surface is enormously great. If an 
empty bottle tightly corked is sunk by means of weights 
attached to it to-a considerable depth in the sea^, the pres- 
sure of the surrounding water will either break it by 
bursting it inward, or will force the cork into it through 
the neck, or the water may be forced in through the cork^ 
If the bottle has flat sides, it will be likely to be brokefl; 
(jthis form not being conducive to strength^ 

In one case, a bottle tightly corked, and the cork 
covered with pitch, was let down into the sea, and on 
reaching the depth of about three hundred feet, an increase 
of weight was suddenly felt, which proved to be occa- 
sioned by the cork having been forced in, and the bottle 
of course filled with water. Another bottle was let down 
in a similar manner, which, on being drawn up, was found 
filled with water, though the cork remained in its place, 
the water no doubt having been forced in through the 
cork or around its sides. 

If a piece of wood that easily floats at the surface is let 
down by means of a weight attached to it to a great 
depth, the water will be forced into its pores, and increase 
its weight so much, that it will no longer be capable of 
floating or rising to the surface. 

A diver may descend, with impunity, to a certain 
depth in the sea, but there is a limit beyond which the 



the bottom 7 Why are dams and embankments always made much thicker at bottom 
than at the top 1 157. What is the effect of sinking bottles ti^tly corked to great depths 
in tile sea 1 Why is the bottle likely to be broken if it has ffat sides ^ May the water 
sometimes be forced in through the cork or by its sides 1 If a piece of wotid is sunk to 
a considerable depth in water, why will it not rise again to the surface ? May divers 
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pressure can not be endured ; and it is probable that even 
fishes, though fitted by nature to sustain- greater pressures 
than land animals, can not exist beyond certain compara- 
tively limited depths. They have, however, in some in- 
stances, been caught so far beneath the surface, that they 
must have sustained a pressure of many tons to every 
square foot of the surface of their bodies. 

158. Liquids being ^lightly) compressible, as we have 
seen, fmust become more dehse at considerable depths 
than mey are at the surfac^ It has been computed, that 
at the depth of 93 miles the density of water must be 
doubled, in consequence of the great pressure to which it 
is subjected, and that at the depth of 362 miles it must be 
as dense as mercury. 

159. Level Surface in Vessels connected. — We have 
seen (142) that the surface of a liquid in a vessel at rest 
always attains a perfect level ; and the same will be .true 
if the liquid is contained in several vessels, provided there 
is a free communication by means of a tube, or otherwise 
between them. If the vessels be large, and the tube 
uniting them small, it may require some time; but, in 
every case, a perfect level in all the vessels will at length 
be attained. 

Every one's daily obser- 
vation is, perhaps, sufficient 
to satisfy him of this fact ; 
but the piece of apparatus, 
represented in the figure, 
serves to illustrate it. A, 
B, C, D, E, F, are several 
glass vessels of different 
The same Level. shapes, Connected at the 

bottom by a flat horizontal 
tube, L U. Let water now be poured into one of the ves- 
sels, and it will be seen to rise in all alike, and stand at the 
same level, notwithstanding the difference in their forms. 
A teapot, kettle, or other vessel having a spout, to con- 
descend to any depth beneath the surface 1 Have fishes the power of enduring greater 
pressure than man can 7 158. Are liquids compressible 7 What then must be the effect 
upon their density at great d^ths 1 159. Will the surface of a liquid in several veseoli 
communicating together be arthe same level in all? How is this sh^wn by the figured 
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tain a liquid, must have the Hp of the spout at least as 
high as the level of the liquid within ; otherwise the 
liquid will flow out. 

j 160. It is well known that in digging wells in the 
vicinity of each other, we are not always obliged to pene- 
trate to the same depth in order to find a supply of 
water ; nor is the surface of the water beneath the soil 
every where at the same level, as the principles we have 
just discussed would seem to require. We sometimes 
see wells but a few rods apart, both of which, perhaps, 
contain water during the year, though the bottom of one 
of them is scarcely, if at all, lower than the mouth of the 
other 

Thus, let A and B be two 
wells dug in the hill side C ; 
the bottom of A is above the 
level of the mouth of B, and yet 
A may be half filled with water 
at the same time that it stands 
much below the mouth of B. 
> 'i Wells. But this in reality furnishes no 

exception to the general law that 
the sHrfaee of a body of water, or of several bodies com- 
municating with each other, will be at the same level. 
The reason why the surface of the water that percolates 
every where through the soil is not at the same level, like 
the surface of the ocean, may be because of the obstruc- 
tions that prevent its free passage from place to place, or 
because of the capillary action (16) of the soil itself. If 
the earth between the wells A and B is very hard, or 
composed mostly of clay, which is impervious to water, 
then the wells may be considered as two separate vessels, 
in which we should not of course expect the water to be 
necessarily at the same level. But if the earth at the 
particular place is of such a nature as to allow the water' 
to pass freely, it may by capillary action be maintained 
at a higher level at one point than at another. 

Question 160. Must wells in the vicinity of each other be always dug to the same 
depth to obtain water? How is this illustrated 7 Does this furnish any exception to 
the law above given that the surface of a fluid is always level 1 Why is not the surface 
of the water containeii in the soil level! 

9* 
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161. Hydrostatic Paradox. — The solution of the hy. 
drostatic paradox, as it has been called, will now be easy. 
As usually stated, it is as follows, viz : " Any quantity of 
water, however small, may be made to balance any other 
quantity, however large." To make a very small quan- 
tity of water balance a very large quantity, it is neces- 
sary only to have two vessels communicating by a tube 
at the bottom, and of such a form that the small quantity 
in the small vessel shall stand in it at the same height as 
the larger quantity in the large vessel. 

In the figure, A B D and C E are 
two vessels of different capacities, 
but the small quantity of water in 
the smaller, serves as an exact 
counterpoise to the larger quantity 
in the other. If the sides of the 
vessels are perpendicular, as repre- 
sented in the figure, the quantities 
of water will be proportional respec- 
tively to the areas of the bottorm 
of the vessels. ^ 

162. Canals and Aqueducts. — The methods adoptedfor 
conducting water in canals through a country depend^ 
the above property, by which liquids find their own level 
When the space through which a canal is to be conducted 
is a uniform plain, there is of course no difficulty ; but 
when the surface is uneven, locks are required, which are^ 
large reservoirs capable of containing the boats that navi- 
gate the canal, and having large gates at each end, so 
that they may be filled and emptied at pleasure. When 
a boat is to ascend, the lower gate is opened, and the 
lock or reservoir emptied, so that the water in it stands 
on a level with that in the canal below, while the upper 
gate prevents the water entering from the canal above. 
As soon as the boat enters the lock, the lower gate is 
closed, and the upper one opened ; and, the water from 
above entering, soon fills it to a level with that in the 



Hydrostatic Paradox. 



Question 161. "Whatismeanthj the JBi/drostatic Paradox? How may a small quan- 
tity of a liquid be made to balance a much larj^er quanfity 1 162. Wliat are lockB in 
canals ? Are they used in a level country I How doeB a boat Jiscend through a lockl 
How does the boat descend 1 
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canal above, the boat of course rising with it, ready to 
proceed on her way. 

In passing down, the boat passes through the upper 
gate into the reservoir, and this gate is then closed and 
the lower one opened ; and the falling of the water to the 
level of the canal below allows her to pass onward. 

163. When water is conveyed a distance for the pur- 
pose of supplying a town, it is sometimes conducted in a 
canal, which may be covered (as is the Croton aqueduct 
in New York) or open ; but often close pipes are used, 
which are made strong to endure great pressure, and laid 
a little below the surface, without reference to its uneven- 
ness. But it is to be noticed that the pipes must at no 
place rise higher than the source from which the water 
proceeds. In this way water may be conveyed even to 
the upper stories of houses, provided the source is suf- 
ficiently elevated. 

* 164. Leveling. — In many mechanical operations it is 
necessary to have some convenient means for finding a 
true level, or horizontal line. 

For this purpose a vessel of 
water of such a form that the 
surface may be considerably ex- 
tended, as a large basin, will 
answer in many cases ; but a 
tube bent in the form A C D B, 
Water L^vei. fjUgd ^]x\\ watcr, is better. If 

, , the parts A C and B D are of the 

same length, when it is perfectly horizontal, water upon 
being poured in will rise exactly to the edge at both ends 
of the tube. 

To determine whether a beam, or floor, or other object 
is horizontal, the workman has only to place the instru- 
ment upon it, in the position shown in the figure, and fill 
it with water. If the water does not rise exactly to the 
edge at both extremities, he of course knows that the ob- 
ject is not in the true horizontal position. If he wishes 

Question 163. What is an aqueduct? May an aqueduct be open like a canal, or 
closed 1 When close pipes are used, why may nor the aqueduct be carried to any place 
higher than the fountain? 164. How may a level be found by means of a basin of 
water 1 How by means of a bent tube 1 
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to determine which of two objects at a distance from each 
other is highest, he places it upon one of them in a hori- 
zontal position, and sights across the ends of the tube. 

The above explanation exhibits the principle of the in- 
strument, but other fixtures are usually added to it to 
render it more convenient for use. 

165. But another instrument, called a spirit level, from 
its compactness and little liability to injury, is now gene- 
rally used by mechanics. It consists of a cylindrical 
glass tube, slightly curved, and filled with alcohol, except 
a small space which contains air, and is sealed by closing 
up the glass at each end. In whatever position it is placed, 
the air will be uppermost ; and if the extremities are at 
the same level, it will be in the middle, this being the 
highest point. 

If the tube is not ex- 

J ..A. , B n actly level, the bubble 

CX^ " ^—""-^^^^^ ^ will incline toward the 

" '■ ^ highest end. The figure 

Spirit Level. jjj j{^g margin represents 

the tube inclosed in a 

brass case, A B, in a horizontal position, with the air-bubble 

in the centre. The tube is usually inclosed in brass, except 

a small part of the upper side. , 

IMMERSION OF SOLIDS IN LIQUIDS. 

166. Displacement of Liquids. — When a solid is im- 
mersed in a liquid, it is evident that a portion of the liquid, 
equal in bulk to that of the solid, must be displaced, else 
it would be possible for two bodies to occupy the same 
space at the same time. This is shown very easily by 
experiment as follows : 

Let A B C D be a vessel with perpendicular sides, 6 
inches square at the bottom, and a foot high, partly filled 
with water, as to the figure 6. As it is just 6 inches 
square at the bottom, every inch in height will contain 

Question 165, How is the sjpirii level constructed ? How does it show when a true 
/evel or horizontal position is obtained? 166. When a solid is totally imme-sed in a 
liquid, what quantity of the liquid must be dijiplaced? How is this ilhistrateri ? If the 




HYDROSa'ATICS. 103 

J just 36 cubic inches of water ; 2 inchos 
in height, 72 cubic inches; and so on. 
Let us suppose, now, a block of marble, 
or other heavy substance, S, precisely 4 
inches square, is dropped into it ; a por- 
tion of the water will be displaced or 
.jj moved to another part of the vessel, as 
will be manifested by the rise of the 
"^il^Ss. ° surface nearly to the figure 8, just as 
if so much more liquid ha<J been poured 
in. The block, S, being 4 inches square, would contain 
just 64 cubic inches ; and upon measurement after 
its immersion in the water, the surface will be found 
to have risen If inches ; showing that just 64 cubic inches 
of water had been displaced, for 36 x If = 64. 

167. It will be seen that we have here an excellent 
method to determine exactly the bulk or solid contents 
of an irregular mass of any solid not soluble in water ; 
for, whatever be the form of the mass, it will always dis- 
place a volume of water just equal to itself ; and, by ob- 
serving the rise of the surface, the additional part of the 
vessel so filled can be at once calculated as just shown. 
If, for instance, an irregular mass should cause the water 
in the above vessel to rise just 2 inches, we should know 
that it must contain 72 cubic inches ; and so of any other 
height. 

An ingenious practical use is sometimes made of this 
property of liquids by blacksmiths, in certain cases in 
which it is necessary to use a given weight of iron. In 
the construction of gun-barrels for government, it is re- 
quired thati when finished, they should have a prescribed 
weight ; and in order to this, to prevent great waste, it is 
necessary foi- the workman to commence with a proper 
quantity of iron. The iron is procured in bars, which, 
however, vary a little in size, else it would be sufficient to 
measure the same length of the bar for each barrel. To 
determine the proper length, whatever may be the size 



vessel is 6 inches square, and a cubical blocli 4 inches on each side be dropped into it, 
how hiffh will the water be made. to rise 1 167. How may we determine the solid con- 
tents of an irregular mass 1 How does the blacksmith determine the quantity of iron 
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of the bar, the workman proceeds in the following 

manner : 

He first procures a tub of the proper ca- 
pacity, as A B, in the figure, and fills it with 
water to a point, P, which is to be ascer- 
tained by trial. He then immerses one end 
of the bar, C D, perpendicularly, until the 
water rises so as just to fill the tub, and 
marks on the bar the line to which it is wet ; 
the part immersed will then be just sufficient 
for his purpose. This method supposes, as 
will be seen more fully hereafter, that all the 
iron used is of equal density. 

168. When a Solid will sink. — When a solid is im- 
mersed in a liquid, it of course presses downward with a 
force equal to its own weight ; and, as we have seen, 
when wholly immersed, displaces a quantity of the liquid 
equal in volume to itself. If this quantity of the liquid is 
lighter than the solid, the latter will sink, but if heavier it 
will swim. If the two are precisely of the same weight, 
the solid will remain suspended in the liquid, in whatever 
position it may be placed. When a body is immersed in 
a liquid heavier than itself, it will sink until it displaces a 
quantity of the liquid just equal in weight with itself 

169. The reason of the above statements may perhaps 
be made plainer by further illustrations. 

Let L M be a vessel filled with 
water, containing a cubic block, 
A B C D, immersed in it, which, 
for the present, we will suppose to 
have the same weight as an equal 
bulk of water. It is evident it 
will remain exactly in this state of 
rest unless disturbed. On the 
upper side it sustains the pressure 
of the column of water, E A D F, 




Sody Suspended. 



to be cut from a bar, in the manufacture of certain articles, as ^un-barrels ? Does this 
methori suppose alJ tlie iron to be of the same density t 168. When a solid is immerded 
in a liquid, with what force does it press downward ? When wholly immersed, how 
much fluid is displaced ] When will the body sink, and when will it swim ? When a 
body is immersed in a liquid heavier than itself, to what depth will it sink 1 169. If in 
the figure in this paragraph the block, A B C D, is of the same weight as an equal volume 
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which we will suppose just a cubic foot also; and on the 
lower surface, B C, it will sustain an upward pressure of 
twice this amount, since the depth beneath the surface is 
here 2 feet. But to the downward pressure of one cubic 
foot of water is to be added its own weight of one cubic 
foot, making it just equal to the upward pressure. It 
will therefore remain at rest. 

But let us now suppose the mass, A B C D, is heavier 
than an equal volume of water ; the downward and up- 
ward pressure of the water will be the same as before ; 
but the weight of the solid being greater than that of an 
equal volume of water, it will tend to sink by the differ- 
ence. 

Again, suppose the immersed body to be lighter than 
water, bulk for bulk, it is easy to see that the solid will 
tend to rise by, as much as it is lighter than an equal 
volume of water.' When a body floats in water, the ab- 
solute weight of the water displaced will always be just 
equal to the whole weight of the body. 

Let L M be a cistern of vrater, 
and ABC, a body floating in it; 
then the weight of the water dis- 
placed hj mnC will always be just 
equal to the whole weight of the 
body, ABC. For, if the weight of 
'■'M the water displaced were less than 

lower, and displace a greater quan- 
tify of the fluid ; and if the weight of the water were 
greater than that of the bodj', the upward pressure of the 
'surrounding water would be greater than the downward 
pressure of the body, and it would rise ; coming to a state 
of rest in either case, when the weight of the displaced 
fluid is just equal to the weight of the body. 
^ 170. As a matter of course, if the above principles are 
correct, no solid can float on the surface of a liquid, if it 

of water, what will be the etTeet 1 How is it shown that it would remain at rest beneath 
the surface 1 How much greater is the upward than the downward pressure 7 Why, 
then, will not the block rise to the surface 7 If the block were heavier than an equal 
volume of water, what would be the etfect ? If lighter, what would be the result 1 
When a body floats in water, how will the weight of the water displaced compare with 
the weight of the body? 170. If a substance heavier than water, bulk for bulk, will 
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be heavier than its own bulk of the liquid ; but, as the 
bulk of most or all substances can be incftased without 
increasing their weight, it may be formed, however 
heavy, so as to iloat. Thus, vessels made of brass, iron, 
and other heavy substances, readily jfioat upon the surface 
of water. So iron steam- vessels are not now uncommon. 
In consequence of their form, they displace just as much 
water as if they were solid ; but their weight is very 
much less. If they are filled with watej^ therefore, they 
immediately sink. "^s>. 

171. A Body immersed in a liquid, loses Weight. — 
The effect of immersing a body in a liquid is always to 
lessen its apparent weight, as every one has noticed who 
has attempted to lift a stone or other heavy substance in 
water. In the water it is perhaps raised without diffi- 
culty ; but on coming to the surface, a great and sudden 
increase of weight is observed. So every one who, 
while bathing, has walked in the water, has observed how 
lightly he presses upon his feet. If the depth is consider- 
able, and the body is immersed to the shoulders, the per- 
son seems to himself to have little or no weight ; and, if 
there is even a moderate current, he finds himself in dan- 
ger of being washed away, in consequence of the very 
insecure hold his feet have upon the bottom. 

172. This loss of weight 
by a body when immersed 
in a liquid, as may be in- 
ferred from what has been 
already stated, is always 
just equal to the weight of. 
the liquid displaced by it. 
An easy method of prov- 
ing this important princi- 
ple is as follows : Let C 
be a vessel which we will 
at first suppose empty, and 
Weighed in Water. let A be a Cylindrical mass 




sink, how are vessels of iron made to float in water 1 171 . Why does a body, when im- 
wersed in water, appear to be lighter than in the air 1 Why is it that a person wading 
iff deep water seems to himself 'to be so light 1 172. What is the loss of weight of a 
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of some solid capable of sinking in water, and turned 
very accurately so as just to fit inside the cylindrical 
vessel, D. Now let the body. A, be suspended by a fine 
thread to the vessel, D, and an exact equipoise produced 
by placing weights in the scale-pan, B. Upon pouring 
water ' in the vessel, C, the scale-pan, B, will preponder- 
ate ; but the equipoise will be again restored by filling the 
cylindrical vessel, D, with water. Now, as the cyhndri- 
cal vessel, D, is of such' a size that the solid mass. A, will 
exactly fit into its interior, it follows that the water with 
which D is filled is precisely equal in bulk to the solid, 
A ; proving that the apparent loss of weight suffered by 
A on being immersed in water, is just equal to the weight 
of a mass of water equal in bulk to itself. 

173. If a body lighter than water be first sunk by 
means of weights, and then these weights removed, it 
will rise with more or less force,, depending upon its mass 
and its weight compared with that of water. Many con- 
trivances on this principle have been suggested for rais- 
ing sunken vessels, and for lifting vessels over shoals 
when loaded too deeply to pass without assistance. A 
machine of this kind, called a Camel, in use in several 
places in Europe, consists of two immense boxes, which 
are made water-tight, and filled with water, and then 
lashed strongly one to each side of the vessel, below the 
surface of the water. The water within is then pumped 
out, and their buoyancy is sufficient often to raise the 
ship several feet, 
i^ 174. Life Preservers. — Life-preservers are constructed 
on the same principle. They are made of some flexible 
substance, as India rubber cloth, and of such a form as 
usually to encircle the waist, and be easily attached to 
the body. In case of danger, they are readily inflated by 
a mouth-piece and valve provided for the purpose, and 
are then so light and buoyant that the person is in no 
danger of sinking. Life-boats are also constructed on 
this principle. 

heavy body, when immersed in a liquid, equal to ? How is this proved by the use of 
the apparatus represented in the figure 1 173. What will be tile effect if a body lighter 
than the same volume of water be sunk by means of weights, and the weights afterward 
removed 1 What is the design of the machine called the camel J How is it constructed 1 
174. How are life-preservers construcliec! 7 IIow are they inflated ] 

10 
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175. The human body is a little lighter than its own 
volume of water, and of course ought not to sink entirely 
beneath the surface. Usually, it is found that about half 
the head will float abova. the surface ; and with presence 
of mind and the proper exertion of the hands and feet, 
the swimmer finds no difficulty in keeping his mouth and 
nose above the water so as to breathe freely. But when 
persons unaccustomed to swimming are accidentally 
thrown into the water, not having sufficient presence of 
mind, or not knowing how to move the limbs, so as to 
bring the head to the surface, in the effiDrt to breathe, a 
quantity of water is drawn into the lungs, by which the 
weight of the body is so increased that it becomes a little 
heavier than an equal bulk or volume of water, and of 
course sinks to the bottom ; there it remains, until, by its 
decomposition, the gases that are formed cause it to ex- 
pand so much, that it displaces more water than is equal 
to its own weight, and it thus rises. 

176. Bodies of Fishes. — The bodies of fishes are very 
nearly of the same weight as an equal bulk of water ; but 
they are also furnished with an air-bladder, by means of 
which they are able to change fhe bulk of their bodies, 
and therefore rise or fall at pleasure. The air-bladder is 
usually attached to the spine or back-bone, and consists 
of a strong muscular sack which is partly filled with 
compressed air. When the fish wishes to descend, the 
muscles of this sack are tightly drawn, and the air within 
still more compressed, and its volume diminished ; but, 
when he wishes to rise, these muscles are relaxed, and 
the air within expands, increasing the bulk of the animal. 

177. An amusing toy is sometimes seen, which con- 
sists of a glass jar nearly filled with water, and having 
several glass images floating in it. Over the top is tied 
very closely a piece of bladder or leather ; and when it 
is slightly pressed with the hand, the images are seen 



Question 175. Is the human body lighter orheavierthan water, bulk for hulk? May 
a good swimmer easily keep his mouth and nose above the water? Why is it thatper- 
Bons unaccustomed to swimming almost always sink in a short time when accidentally 
falling into the water ? 176, What is said of the weight of the bodies of fishes as com- 
pared with water ? By what means do they manage to rise and fall at pleasure ? 177. 
How are the little images in the vessel of water, represented in the figure, made to rise 
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gradually to sink to the bottom, but rise 
again as soon as the pressure is removed. 
The images are n^ade hollow, and contain 
just sufficient air to make them swim under 
the ordinary pressure of the atmosphere ; 
but, when the pressure is increased by 
placing the hand upon the leather covering 
of the jar, the volume of air therein is dimin- 
ished, and water forced in through little holes 
in the feet. Their weight is then so in- 
creased that they sink ; but, on the removal of 
the pressure, the air within expands, and 
forces out a portion of water, and the images 
again rise. ^ // , >! 

178. Centre of Gravity of a Floating Body. — When a 
body is designed to float in a liquid, it is necessary that 
regard should be paid to the proper support of its centre 
of gravity (42,) otherwise it will not remain in its proper 
position in the liquid, or will be in danger of being cap- 
sized. But the various circumstances upon which the 
stable equilibrium of eT body floating in a liquid depends, 
can not be here investigated. 

179. Liquids of different Densities. — All that has been 
said respecting the ascent and descent of solids in liquids 

applies equally to two or more liquids in 
the same vessel. If the liquids are inca- 
pable of acting in any manner upon each 
other, they will arrange themselves in the 
vessels in the order of their weights, the 
lighter above the heavier. Thus, oil al- 
ways floats upon the surface of water, 
but sinks in alcohol. If a bottle with a 
small neck be filled with water, and the 
mouth inverted in a vessel of alcohol, the 
water will be seen to form a descending 
current through the neck, while the al- 
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and fall in the water ? 178. Must the centre of gravity of a body floating in a liquid be 
supported ? 179. If two liquids, incapable of mixing with each otiier, are poured into 
a vessel, how will they arrange themselves ? Which is the heavier, water or alcohol ? 
Why does oil always float upon the surface of water ? If a person should fill a bottla 
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cohol, being the lighter of the two, will gradually rise 
and take its place. 

Thus, a sailor on board of a vessel loaded in part with 
brandy, wishing a little of " the ardent," filled a junk bot- 
tle with water, and holding the mouth with his hand, 
suddenly inverted it in the bung-hole of a cask, filled with 
the spirit. After holding it there some time, he quickly re- 
moved it, and found it filled with a mixture of brandy and 
water, just suited to his taste. On having his honesty 
called in question, he declared that he had done no injury 
to any one, as he left the cask as full as he found it ! The 
student will perceive, that though culpable in morals, his 
principles of philosophy were correct. 
■ l80. Water, when heated, expands. — Water, when 
heated, expands, and therefore becomes specifically 
lighter, and as a necessary consequence rises to the sur- 
face. Hence, a vessel of water may be gradually heated 
merely by having a tube extend from it to the fire, though 
it be at a considerable distance. The water in the tube 

is first heated, and ascends to 
the boilgr or vessel to which the 
tube is connected ; and, at the 
same time, the cold water in 
the vessel descends in the tube, 
and is in its turn also heated. 
The apparatus answers better 
if there are two tubes, in one 
of which the cold water will 
descend, and the warm water 
ascend in the other. 

Let A be a vessel of water 
supported upon a stand two or 
more feet high, and let C D be 
a tube extending from the ves- 
sel, A, to the flame of the lamp, 
L, and then doubling and return- 
ing, the two ends being carefully 




Seating of Water. 



with water, and then invert it, holriinjf the mouth in alcohol, what would be the result 1 
isO. Why does ^vater become lighter when heated ? Uow may a vessel of water ba 
neated by means of the piece of apparatus represented in the Sgure % 
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soldered into the bottom of A. By the lamp, a portion 
of the water in the tube is heated, and rises in the part, 
D, a current of cold water at the same time descending 
in C, as shown by the arrows. In this way a cistern of 
water in the third or fourth story of a building is often 
kept heated by means of tubes extending from it to the 
fire in the kitchen in the first story. 
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191 fn!)efinitio7i.— (By the specific gravity of a body is 
meant its weight when compared with water, which is 
adopted for the standard.'^ When, therefore, we say of 
any substance, that its specific gravity is 2 or 5, we 
mean that, bulk for bulk, that substance is twice or five 
times as heavy as water.^ 'Thus, the specific gravity of 
sulphur is 2 ; since, therefore, a cubic foot of water 
weighs 621 pounds,\a cubic foot of sulphur would weigh 
twice as much, or 125 pounds.^ ^Vhen we say the specific 
gravity of gold is a little more than 19, we mean'that if 
equal bulks are taken, the gold will weigh a little more 
th^n 19 times as much as the water. 

Water has been agreed upon as the standard of com- 
parison for two principal reasons, viz., 1st. : In common 
with other liquids, it is much more convenient for use 
than a solid would be : and, 2d. ; it is more easily and 
cheaply obtained than any other liquid, y/ y 

182. Method of finding Specific Gravities. ^{To deter- 
mine the specific gravity of a body, all that is wanted 
besides its own weight is the weight of a quantity of pure 
water of precisely equal bulk with itself. , Thus, if the 
bulk of the body is just a cubic inch, and it weighs 505 
grains, and we know the weight of this bulk of water to 
be 2521 grains, it is of course just twice as heavy as 

Question 181. What is meant by the specific gravity of a body 7 What is meant 
wheo we say the specific gravity of a body is 2 or 5? What is the weight of a cubic foot 
of water 7 What, then, must a cubic foot of sulphur weigh, the specific gravity of 
which is 27 How is this found 7 Why is water taken as the standard of specific 
gravity 7 182. What are wanted in order to determine the specific gravity of a body 7 
Having the weight of a body, and also the weight of an equal bulk of water, how is the 

10* 
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water ; or, in other words, water being assumed as our 
standard, and its specific gravity called 1, then the specif 
gravity of the body in question is 2. Here, it will 
be seen, that we have divided the weight of a given bulk 
of a substance by the weight of an equal bulk of water, 
and the quotient we call the specific gravity of the 
body. 

It remains, then, only to devise some easy method to 
find readily the weight of a quantity of water equal in 
volume to any substance, the specific gravity of which is 
to be determined ; and this, after what has been said in 
the pages immediately preceding, will not be difficult. It 
will only be necessary to weigh the body in the air, and 
then, when suspended by- a fine thread or hair, in water ; 
and the loss of weight in the latter case will be the weight 
of a quantity of water equal to itself in bulk (172.) 

183.f^o find the specific gravity of a solid heavier than 
water, then, first weigh it in the air, and then, when sus- 
pended by a. fine thread, in water, subtract its weight in 
water from its weight in the air, and divide the latter by 
the difference, and the quotient will be the specific gravity 
required, j 

Suppose a piece of copper to weigh in air 204.7 grains, 
and in water 181.7 ; subtracting the latter number from 
the former, we have 23 grains for its loss when weighed 
in water. Then dividing 204.7 by 23, we have 8.9, 
which is the specific gravity of the copper. 

184. (A balance prepared for determining the specific 
gravities of bodies, as above described, is called a hydros- 
tatic balance\ It differs from a common balance only in 
having the scale-pans suspended a little higher from the 
table to admit of small vessels of water being placed un- 
derneath, and also in having hooks attached to the under 
side of the scale-pans, to which small substances may be 
suspended by means of a thread or horse-hair. 
f That the results may be accurate, it is always neces- 

ppecific gravity of the body obtained ? Having a solid body, how may we detel^mire 
tlie weight of a quantity of water equal to it in volume ? 183. What is the rule given for 
finding the specific gravity of a solid 1 If a piece of copper weighs in the air 204.7 grains 
and in water 181.7 grair-s, what wiil be its specific gravity T 184. What is the hydros 
tatic i^anoe? Must the water be pure that is used in taking specific gravities 1 
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sary that the water used in these operations should be 
perfectly pure, and also of the proper temperature, which 
is usually supposed to be 60° Fahrenheit. 

185. Specific Gravity of izg'wtds.-^The specific gravity 
of a liquid may be readily determined in several ways, 
one or two of which will be mentioned. Let a phial with 
a small mouth be accurately balanced with weights, and 
then filled with pure water, and its weight ascertained. 
Then fill it with the liquid under examination, and again 
weigh it ; and divide the weight of the latter liquid by the 
weight of the water, and the quotient will be the specific 
gravity of the liquid as required.* 

' If the bottle is made to hold just 1000 grains of pure 
water, then the quantity of any other liquid which it will 
contain (in grains) will be its specific gravity. Thus, if 
such a bottle would hold just 796 grains of pure alcohol, 
then 796 would be its specific gravity, water being taken 
as 1000, or 0.796, water being 1. ' 

Suppose a bottle to be first accurately balanced in the 
scales by a weight, and then when filled with water to weigh 
625 grains, but when emptied and again filled with diluted 
sulphuric acid, to weigh 1000 grains; it is plain we have 
by this means the weight of equal volumes of the two 
liquids, and to obtain the specific gravity of the acid we 
have only to divide its weight (1000 grains) by the weight 
of the water (625 grains.) Thus, 1000^625=1.6, which 
is the specific gravity of the acid. In like manner, if, 
when emptied and again filled with alcohol, it should be 
found to weigh 537.5 grains; then, 537.5-^625 = 0.860, 
which is the specific gravity of the alcohol. If the bot- 
tle were made, as stated above, to hold precisely 1000 
grains of water, then the weight of any other liquid con- 
tained in it when filled, divided by 1000, would be the 
specific gravity of that liquid. Thus, if a bottle would 
hold 1600 grains of diluted sulphuric acid, then its specific 
gravity would be 1600^1000 = 1.6. (.SVe Author's 
Chemistri/, page 113.) 

Question 185. What is the first method ment-oned for findhig tht iipccific gravity of 
'a liquid? If the bottle were made eo as to hold just 1000 grains of water, what only 
woiUd be necessary in obtaining the specific gravity of a liquid 1 
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186. The Hydrometer. — An instrument called a hy- 
drometer is also used for this purpose. We have s%en 
(169) that when a body is immersed in a liquid heavier 
than itself, it sinks until it displaces a quantity of the 
liquid equal to itself in weight. The same 
solid, therefore, must sink deeper in liquids 
that are light than in those that are heavier; 
and by having the solid of a convenient form 
and properly marked, in accordance with the 
results of previous trials, the depth to which it 
sinks in any liquid may be made to indicate 

Owith considerable accuracy the specific grav- 
ity of that liquid. 
The hydrometer may be made of metal, but 
is usually glass. Its usual form is seen in the 
accompanying cut. C is a bulb filled with 
_^ air to make it buoyant, while the bulb B is 

Hydrmeter. nearly filled with shot or m'ercury to make it 
take the proper position when immersed in a 
liquid. The stem. A, is a glass tube, containing in it a 
piece of paper fixed to the glass by a piece of sealing-wax 
or other substance, and having marked upon it the points, 
determined by previous trial, to which the instrument 
will sink in liquids of particular specific gravities. The 
marks may be made upon the stem A itself, and thus the 
paper be dispensed with. Sometimes, instead of the 
graduated stem, weights are used which are so constructed 
as to be readily attached to the instrument. , The weight 
required to sink the instrument to a given fixed point in 
this case indicates the specific gravity of the liquid un- 
der examination. 

The above description is designed merely to illustrate 
the principle on which the instrument is constructed ; 
the scales are often differently graduated. In the instru- 
ment figured in the margin, the specific gravities are 
directly marked upon the scale. Thus, when the instru- 
ment sinks in a liquid to 1, this is its specific gravity ; in 



Question 186. What is the design of the hydrometer ? How is it used ? Why does 
it sink deeper in a light liquid than in a heavy one 1 How is the hydrometer con- 
structed 7 Why ia it loaded with mercury or shot ? How is tlie specific gravity of a 
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liquids of tlie specific gravity 1.5, 1.8, or 0.7, it will sink 
to the points thus marked respectively. 

The different specific gravities of two liquids 
may be very satisfactorily shown by balancing 
them against each other in a bent tube. Let 
A B C be a bent tube of rather small bore, hav- 
ing the two upright parts carefully graduated 
to tenths of an inch ; then let the horizontal 
part, C, be filled with the heavier of the two 
liquids which are to be compared; and which 
must be supposed of such a nature as not 
readily to mix; as, for instance, water and 
mercury, or water and oil. We will suppose 
water and mercury are the two liquids to be 
compared ; after filling very accurately the part C with 
mercury, water is to be poured into one end of the tube, 
and mercury into the other, care being taken all the time 
to keep the horizontal part of the tube just filled with 
mercury, and not allowing it to rise in the part contain- 
ing the water, or the water to stand in the horizontal 
part C. If this precaution is observed, it will malce no 
difference how high the perpendicular parts of the tube 
are filled ; but it will always be found that the perpen- 
dicular column of water will be 13i times that of the 
mercurial column, for the reason that mercury is 13i 
times heavier than water. If the column of mercury is 2 
inches in height, the column of water to balance it must 
be 27 inches, and in the same proportion for any other 
height. If water and oil were used — an oil, for instance, 
of the specific gravity 0.8 — then, observing the same pre- 
cautions as before, when the column of water is 8 inches 
in height, that of the oil will be 10 inches; and so of any 
other height. 
-^187. It is often desirable, when we know the specific 
gravity of a body, to be able to find from this the abso- 
lute weight of a given mass of it, as a cubic inch or cubic 



liquid shown by the hydrometer 7 If two cohimDs of liquids of different specific gravi- 
ties are made to Ijalance each other in the upright parts of a tube bent in the form repre- 
sented in the figure, what will be their comparative lengths 1 If mercury and wafer 
are used, what will be the length of the column of water when that of mercury is 2 
inches? Wljat is the explanation 7 187. If we know the specific gravity of a tody, 
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foot. This is done by multiplying the weight of a cubic 
inch or foot of water by the specific gravity of the sub- 
stance in question (181.) A cubic inch of water at 60° 
P'ahr. weighs 252i grains ; the weight of a cubic inch of 
sulphur, therefore, the specific gravity of which is 2, will 
be found by multiplying 252^ by 2, which will give as 
the product 505. The weight of a cubic inch of sulphur 
is then 505 grains. The weight of a cubic foot of water 
at 60° Fahr. is just 1000 ounces avoirdupois, or 621 
pounds. The specific gravity of platinum being about 
21.47ths, the weight of a cubic foot of this metal is 
(21.47 X 1000 = 21,470) 21,470 avoirdupois ounces, or 1342 
pounds nearly. 

188. It will be recollected we have in our remarks 
considered the specific gravity of water to be unity, or 1 ; 
in many works this is taken at 1000 ; but this is of little 
consequence, as to change the numbers we have given 
into what would be required on this supposition, it is 
necessary only to multiply them by 1000, or, which is the 
same thing, remove the decimal point three places to the 
right.* Thus, the specific gravity of platinum, water be 
ing 1000, will be 21,470, instead of 21.47, as given above. 

By means of the specific gravities of bodies their stati 
of purity may often be determined, and adulterations de- 
tected, which are so frequently made with the design to 
defraud. Thus, gold may be alloyed with a mixture of 
copper and silver, so as to form a compound that will re- 
semble the pure metal almost perfectly in most of its 
properties except the specific gravity, v^hich of course 
would be too low. So, milk and oil, and spirits of every 
kind, are constantly more or less adulterated, and the 
mixture sold for the pure article ; but, by testing the 
specific gravity, the imposition can usually be detected. 
The lactometer, for determining the purity of milk, and 
the oleometer, for ascertaining the purity of oil, are only 

how may we determine the weight of a cubic foot or a cubic inch? The specific 
gravity of platinum beiug 21.47, and a cubic foot of water weighing 1000 ounces, or 62^ 
pounds, what will be the weight of a cubic foot of platinum ? 188. What have we con- 
sidered the specific gravity of water 1 If the specific gravity of water is talien at 
1000, what change only is necessary in the numbers given 1 IVIay we often determine 
whether a substance is pure or not by means of its specific gravity 1 How is this 
illUBtrated by reference to gold ? What is a lactometer? What is an oleometer 7 
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modifications of the hydrometer (186) to adapt them to 
their specific purposes. 

189. Specific Gravity of Gases. — The specific gravity 
of a gas is determined by weighing a portion of it in a 
vessel of known capacity, but in this case atmospheric 
airj^and not water, is taken as the standard. 

•Let a flask of suitable size be provided with a good 
faucet and then weighed, first when filled with air, and 
then after being exhausted of air by means of the air- 
pump. The difference will show the weight of the air it 
contained. Then, let it be filled with the gas in question, 
and again weighed, and from this subtract the weight of 
the flask, and we have the weight of the gas that was in 
it. Divide this last by the weight of the air first obtained, 
and the quotient will be the specific gravity of the gas, as 
required. Let us suppose we have a flask fitted with a 
suitable faucet, which will contain just 28 grains of at- 
mospheric air, but only 27 grains of nitrogen gas. Then, 
27-^-28 = .964, which is nearly the proper specific gravity 
of this substance. (Fo?- further remarks on this subject, 
see Author's Chemistry, page 11 3. W 
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190. Hydraulics is the branch of Hydrostatics which 
treats of the various phenomena of the motions of 
liquids. 

191. Motion of Liquids through Apertures. — When a 
small hole is made in the side of a vessel filled with a 
liquid, a stream is seen to issue from it with more or less 
velocity, depending upon circumstances which are now 
to be noticed. The force that puts the liquid in motion 



Question 189. What is made the standard of specific gravity for the gases ? Will 
a flask weigh less when exhausted than when filled with air % How is the epecitic 
gravity of a gas found ? If a flask is capable of holding 28 grains of air, but only 27 
grains of nitrogen, what must be the specinc gravity of this gas7 190. Of what does the 
branch of science called Hydraulics treat"? 191. Why does the water rush from a 
vessel filled with water when a hole is made in the side 1 Must there have been a 
constant pressure agiinst the part before the bole was madeT To what is this pres* 
sure proportional 7 
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must, before the orifice was made, have caused a constan 
pressure against tiie portion of the vessel removed ; in 
other words, it is the general pressure of the liquid. 
This pressure we know to be proportional to the perpen- 
dicular depth below the surface of the hquid ^156 ,) and 
we may here infer that the lower the orifice is below the 
level of the liquid, the greater will be the violence with 
which the liquid will issue. 

192. It is found by experiment that the quantities of 
liquid which escape from orifices of the same size at dif- 
ferent depths, other things being the same, are as the 
square roots of these depths. 

Thus, let A B C D be a vessel with 
perpendicular sides, filled with water, 
having orifices of the same size at E, 
one foot below the surface ; at F, four 
feet ; and D, nine feet below the surface ; 
and let it be supposed that the vessel is 
all the time kept quite full by pouring in 
water at the top as it issues from the 
orifices below. Then, it is found by 
accurate experiment, that, in a given 
time, as a minute, twice as much water 
will escape at F as at E ; and at D, three 
times as much. But 2 is the square root 
of 4, and 3 the square root of 9 ; there- 
fore, as above stated, the quantities of 
water discharged at the different orifices are as the square 
roots of the distances respectively beneath the surface. 
Now, as the orifices are all of the same size, it is plain 
that the velocities of the several streams must be exactly 
proportional to the quantities of water issuing in a given 
time. Thus, the velocity of the stream from F will be 
twice that of the stream from E, &c. To obtain a four- 
fold quantity of water, and therefore a fourfold velocity. 




Jets of Liquid. 



Question 192. If several orifices are made at ditferent depths, what will be Ihe pro* 
portion of the several quantities of water discharged from them 7 If these orifices are 
made at the depth of 1, 4, and 9 feet beneath the surface, what will be the relative 
quantities of waterdischarged? As the orifices are of the same size, must the velocity 
of the several currents be in the same ratio as the quantities discharged ? To obtain a 
fourfold velocity, what must the depth be 1 Wliat to obtain a fivefold velocity 1 Will 
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the orifice would have to be made 16 feet below the sur- 
face ; and to produce a fivefold velocity, it must be 25 
feet beneath the surface, and so on. 

We have seen, heretofore, that the spaces passed over 
by a falling body are as the squares of the times, and also 
the squares of the final velocities ; it therefore follows 
that the velocities (and also the times) are as the square 
roots of the spaces passed over. 

It will therefore be evident that the velocity with which 
a liquid issues from an orifice will be the same as that a 
heavy body would acquire in falling the distance from the 
surface of the liquid to the orifice. 

If two vessels, precisely alike, with similar orifices at 
the bottom, are filled with water, and one is allowed to 
empty itself, but the other kept constantly full by the ad- 
dition of fresh fluid, when the water is all discharged 
from the former, it will be found that just twice as much 
has escaped from the latter as from the former. 

This, it will be perceived, is a necessary result from 
the principles above developed, in connection with the 
law that a falling body in any given time traverses just 
half the distance it would pass through in the same time, 
if moving uniformly with its final velocity (77.) 

193. It follows from these prin- 
ciples, also, that if an orifice is 
made upward, the issuing jet 
should rise just as high as the sur- 
face ; since a body projected per- 
pendicularly upward will rise pre- 
cisely to the same height as the 
distance it would have fallen by 
the force of gravity in the same 
time. Let AB be a cistern of 
water, with tubes at different dis- 
tances beneath the surface, having 
their mouths bent upward, as £, 
jcud'Eau. D, and C; then the jets issuing 

the velocity with which a liquid issues from an orifice be equal to that a heavy body 
would acquire in falling from the surface to the orifice t 193. If an orifice open up- 
ward, how high should the jet rise 1 Wiiy will not the water rise as high as the surface 
of the reservoir 1 ^^ 
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from them should rise just to the surface of the water 
But this is found not to be precisely the case when the 
experiment is made, as t'he liquid is considerably retarded 
by friction against the sides of the orifice, and by the 
resistance of the air. 

194. The jet of 7 inches diameter from the inverted 
syphon through which the water of the Croton aqueduct 
crosses under Harlem River, 9 miles from the city of New 
York, affords a good opportunity to make the experiment 
on a large scale. The orifice, according to Mr. Tower, 
is 120 feet below the surface of the water in the aqueduct 
on the bank of the river above ; but the water rises in the 
jet only about 115 feet. 

195. The distance to which 
water will spout from hori- 
zontal jets, at different depths 
below the surface, will be 
greatest in those which are 
midway between the top and 
bottom. Thus, a jet from D 
will strike the ground at a 
greater distance from the cis- 
tern A B, than one issuing 
either from C or E. 

196. The quantity of water 
that will be discharged from an orifice in a given time 
depends considerably upon the nature of the orifice. 
Thus, if an aperture of a given size be made in a vessel of 
sheet-iron, it is found that it will not discharge as much 
water as if the sides were thicker ; or, which is still better, 
if a short tube were inserted just even with the inner sur- 
face of the vessel. The reason of the diflTerence is no doubt 
to be attributed to the partially opposing cross-currents 
that are more liable to be found in the case of a vessel 
with thin sides and without a tube. 
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Jets d\£l(m. 



Question 194. In the jet from the inverted eyphon connected with the Crotou aaue- 
duct, how high does the water rise T What is the height of the water above the orince t 
195. If several orifices are made in the side of a vessel filled with water, from which 
will the water jet furthest? 196. Does the quantity of water that escapes from an orifice 
depend upon its nature ? How does a short tube affect the discharge 1 What reason 
is given ? 
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>- 197. Friction of Liquids against Solids. — The above 
remarks apply only to pipes of very moderate length in 
proportion to their diameter ; the effect of long pipes is 
always to retard the flow of water by reason of the fric- 
tion against their sides. And this retardation by friction 
is proportionally greater in small pipes than in large ones, 
so that a pipe 2 inches in diameter will discharge in a 
given time 5 times as much water as one only 1 inch in 
diameter. Were it not for the greater friction, propor- 
tionally, of the small pipe, the larger would discharge only 4 
times as much as the smaller; or, the quantities discharged 
would be proportional to the areas of their sections. 

198. Water in rivers^ and canals is much retarded in 
its course by friction against the bottom and sides, so 
that the motion is much the most rapid at the surface and 
in the middle of the stream. The resistance is also very 
much increased by the great unevenness of the surface 
over which the water glides, and by obstacles, as stones 
and other heavy bodies, lying at the bottom ; so that the 
velocity of water in rivers is always greatly less than it 
otherwise would be. 

Sudden turns in the course of pipes conveying water, 
and in the course of rivers, operate also to retard the 
water very much. 

199y, Motion of Solids in Liquids. — A solid in motion 
through a liquid meets with much resistance from it, pro- 
portional to i,ts size and form. A piece of board, it is 
well known, requires much more force to move it through 
water when its flat side is presented in the direction of its 
motion, than when it is moved in the direction of its edge. 

The oarsman, in plying his bpat, always keeps the flat 
surface of the blade of his oar in the direction in which 
he pulls ; but on removing his oar from the water he pre- 
sents the edge in the direction in which it is to move. 

The sailing of a ship depends much upon her form, on 
account of the resistance of the water ; and great effort 

Question 197. To what pipes only does the explanation apply 1 Is there any friction 
between liquids and solids 1 How much more water will a pipe 2 inches in diameter 
discharge than a tube only 1 inch in diameter ? 198. Is water retarded in rivers and 
canals? Is the motion of the water most rapid at the-top or bottom 1 199. In what 
direction may apiece of board be moved through the water with the- least resistance 1 
Does the sailing of a <bip depend upon her form 1 Must regard be paid to the form ol 
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has been made to determine the form in which this re- 
sistance shall be the least possible. To attain this object, it 
is found that refgard must be had to the shape, not only of 
the forward part or bow of the ship, which is presented 
in the direction of her motion, but also to that of her 
stern. This must be of such a form that the water may 
readily and freely close around her as she glides through 
it, else a great depression of the surface will be observed 
immediately behind her, below the common level, in con- 
sequence of which much of the propelling force, whether 
it be wind or steam power, will be lost. The resistance 
of the water to a vessel moving through it increases 
rapidly with the speed. If it requires a certain force to 
propel a ship 5 miles an hour, it requires much more than 
double the force to propel her at double this speed ; and 
so of any other proportion. 

200. Water Wheels. — Water has been used as a power 
for propelling machinery from a very early period. For 
this purpose it is used in two modes, either by causing it 
to act simply by its weight on the circumference of a 
wheel, or by the impulse of its motion when issuing from 
under strong pressure. Sometimes these two modes are 
combined. 

201. The Breast Wheel is perhaps used as much at the 




Breast Wheel. 



her stern, as well as to the form of her bow 1 What must be the form of a ship's stern, 
in order that she may sail well 1 Does the resistance increase with the speed 1 200- Has 
water been long used for propelling machinery ? In what two ways is it made to act 1 
201. How does it act in the case of the Breast wheel 7 7!ow is it constructed 1 
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present time as any other ; a section of it perpendicular 
to the axis is represented in the figure. The water acts 
upon it entirely by its weight. 

This wheel (which may be of any length) is constructed 
with boxes, or buckets around its circumference, which 
on one side are upright, and receive the water, but pas- 
sing downward are emptied at the lowest point and as- 
cend on the other side in an inverted position. 

202. The Undershot Wheel, as it is called, is represented 
in the next figure, by a section perpendicular to the axis as 
before. In this wheel the buckets are simply flat boards. 




Undershot Wheel. 

(called float boards,) that are placed at equal distances 
around the rim, and receive the impulse of the water 
against their flat surfaces, as it issues from the reservoir 
above. 

In this ■\kfheel, it will be seen, that the water acts simply 
by its momentum, and not by its weight, as in the pre- 
cefiing case. 

This kind of wheel is sometimes called a tide, or stream- 
wheel, and is said to be the oldest construction in use. 

203. The Overshot Wheel is so called from the mode 
in which the water is received upon it. A section of it 
perpendicular to the axis is represented in the figure. 
As in the breast wheel, around the circumference water- 
tight buckets are constructed which receive the water 

Question 202. How is *he Undershot wheel turned 1 Why is tllis name applied to 
it? 2(S. How is the C>i'e7*sAo( ujAee^ constructed 1 'How does the water act upon tliia 
wheeH ,, ^ 

11 
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Over shot Wheel. 



at the top from a flume, 
and descend ; but, on 
reaching the bottom, 
they are emptied, and 
ascend in an inverted 
position on the oppo- 
site side. 

In this wheel the 
water acts chiefly by 
its weight, as in the 
breast wheel, but it may 
produce some effect al- 
so by its momentum. 

204. A waterwheel, 
called the tubwheel, is 
much used in flouring 
and other mills in this 
country. It receives its name from the fact that it con- 
sists of a large tub without a bottom, in the inside of 
which, on the arms, the float-boards are placed, the wheel 
being in a horizontal position, and having the shaft per- 
pendicular. The water is conveyed to the wheel by a 
flume or sluice-way, and acts solely by its impulse. 
7^ The Reaction Water Wheel is represented in the ac- 
companying figure. It receives its name from the fact 
that it is propelled by the reaction of the water as it 
escapes from the wheel. A B is the wheel, which is a 
hollow iron box having its extremities turned in opposite 
directions, and terminating in openings from which the 
water makes its escape. The water is conveyed to the 
under side of the wheel by the pipe P, which is represented 
in the figure as made of cast-iron, but may be made of 
wood. It extends from the reservoir above, not seen in 
the figure, and at the bottom passes under the stone- work, 
as shown by the dotted lines. S is a shaft with a wheel 
above to which machinery may be connected. The 
frame, F, is usually protected by stone- work, or by other 
means, to give it the proper firmness. 

Wheels of this kind are made of twenty-horse power. 

Question. 204. How is the Tubwheel constructed 1 Describe the RccKtion whesL 
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. Reaction Water Wheel. 

205. Pumps. — ^Most machines now in use for raising 
water act in part at least by atmospheric pressure, and 
will therefore be considered in the Chapter on Pneumatics ; 
but one or two will claim to be noticed here. 

The Cochleon, or screw of Archimedes, seems to have 
been one of the earliest inventions of man for this pur- 
pose. It consists of a tube wound round in the form of a 
spiral, and placed in an inclined position, as represented 
in the figure. 

The inclination must be so great that the parts 15, D, 




The Screw qf Archimedes. 
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F, H, K, shall be lower than the parts A, C, E,' &c. If, 
therefore, portions of liquid are contained at the former 
points, it will not escape, since these parts of the tube 
constitute dish-like cavities capable of retaining it. Let 
us suppose the tube fixed on an axis to be turned as 
• if to screw it down, while the lower end is immersed in 
water ; a portion will enter at A and pass on to B, as 
down an inclined plane. But as it turns, the part B, 
keeping its same position with reference to the water 
contained in its cavity, will gradually rise to c, and so on 
to D, while another whirl of the spiral will take its place 
at B. Thus, a portion of water will be carried or screwed 
up quite to the top, to be there discharged. At the same 
time, other portions will be ascending in the several 
whirls of the spiral, each in turn delivering its portion of 
the fluid. 

206. -The Centrifugal 
Pump is an instrument 
for raising water by means 
of the centrifugal force 
which is given to a column 
of it.* I Let A B be a solid 
piece of timber, and C D 
a tube attached to arms 
projecting from it; and 
let the whole stand in 
water supported upon a 
pivot on which it may 
turn. If it is now made 
to turn rapidly, such a 
centrifugal force will be 
given to the column of 
water in the tube C D, 
that it will be thrown 
from the mouth D in 




Centrifugal Pump. 



every direction with great violence. 



Qttestion 205. What is the Cochleon or Screw of Archimedes ? How is the water 
raised by means of it I 206. What is the Centrifugal Pump ? 



' Ewtaank's Hydraulics, page 230. 
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Chain Pump. 



iThe Chain Pump, which has re- 
cently come mi|ich into use in this 
country, is simply an endless chain 
with numerous discs of metal placed 
on it at equal distances, and sus- 
pended upon a wheel, W, in such a 
manner that one side of it is inclosed 
in a tube, T, having its lower end in 
the water. The tube must be of 
such a size as to allow the chain 
with its discs to pass freely through 
it, as the wheel is turned by the 
hand by means of a crank. A 
second wheel is placed beloA- the 
surface of the water merely to regu- 
late the motion of the chain, j 



CHAPTER III. 

PNEUMATICS. 

FROFERTIEB OP THE AIR . — A I R PUMP. 

207. Pneumatics (from the Greek, pneuma, air or 
breath) y is the science which treats of the mechanical 
properties of atmospheric air and other gaseous bodies.) 

(The earth is constantly surrounded by a great mass 
01" gaseous matter, called the atmosphere or atmospheric 
air, which extends a considerable distance above its sur- 
face. J Its presence, when it is perfectly at rest, is scarcely 



Question. Describe the Chain Pump. 207. Of what does the science of Pneumatics 
treat 1 By what is the earth constautly surrounded ? Why is not the pressire of the 
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perceptible ; but, if we attempt to move the hand or a fan 
rapidly through it, it manifests itself by its resistance, and 
by the motion which is communicated to it. It obeys 
laws very similar to those treated of in the preceding 
chapter, but not precisely the same, as air is considered 
perfectly elastic. 

The various other gases, besides atmospheric air, have 
the same mechanical properties ; and the remarks made 
in this chapter concerning atmospheric air may, in gene- 
ral, be considered as applying equally to them. 

208. Properties of Air. — Air is a material substance, 
and possesses all the properties of matter, as impenetra- 
bility (9,) weight, inertia, &c. It has also a very feeble 
blue color, as is evident from its causing distant hills and 
mountains to appear of this color. Other gases also 
possess color, as chlorine, which is green. 

The atmosphere which surrounds the earth, as well as 
solids and liquids upon its surface, is retained there by its 
gravity or weight. This will be made evident as we 
proceed. 

209. It is the resistance, occasioned by the inertia of 
air, that causes all bodies which are put in motion in it 
gradually to come to a state of rest. 

This property is well 
illustrated by the following 
apparatus. A and B are 
two separate movable axes, 
each having four fans or 
vanes composed of thin slips 
of brass inserted in it by one 
end. In one of them, A, 
they are inserted edgewise ; 
that is, so that when tiie 
axis is turned, the edges are 
presented in the direction 
of the motion ; but in B, they are inserted so that the 




atmosphere perceptible ? Does tt obey the same laws as liquids ? Are there oilier 
gases besides atmospheric air 1 Have all the same mechanical properties 1 208. Is air 
material 1 Has it the properties of matter, as weight, impenetrability, inertia, &c. 1 
How is the air retained upon the earth 7 209. Why do bodies put in motion in the air 
soon come to a state of rest 1 How is this showij by means of the apparatus represented 
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faces are presented in the direction of the motion. C 
and D are two springs -of equal strength which are made 
to act against pins in the axes A and B, and turn them, 
a slider, not represented in the figure, holding them in 
place until every thing is in readiness. By means of the 
slider, both are set in motion at the same time, and with 
equal velocities ; but as the resistance of the air to B is 
much greater than to A, in consequence of the different 
positions of the vanes, it comes to rest much sooner than 
the other. If, however, they are placed under the re- 
ceiver of an air-pump, and the air exhausted, they will be 
found, upon being again put in motion as before, to move 
with equal velocities, and to continue in motion the same 
length of time. It is because of this property of the air 
that birds are able to raise themselves in it, by means of 
their wings, above the surface of the earth. The wings 
being spread and struck on the broad surface of the air 
beneath them, are resisted by (the inertia of the air, which 
forms a fulcrum or prop, on which the bird rises by the 
" leverage of its wings." 

210. As the lower parts of the atmosphere must con- 
stantly sustain the weight of the upper portion, they are 
pressed together with great force, and their density much 
increased. As we ascend above the surface, the density 
of the air rapidly diminishes, and at the height of about 3 
miles is reduced to one-half; at the height of 6 miles, to 
one-quarter ; and at the height of 9 miles, to only one- 
eighth of its density at the level of the sea. It extends to 
the height of about 40 or 45 miles ; but if it had a uniform 
density equal to its density at the surface, its height would 
be only about 5 miles. The whole mass of the atmos- 
phere surrounding the earth is computed to be equal to 
that of a sphere of lead a little more than 60 miles in 
diameter ; upon the supposition that the earth is a perfect 
sphere, 8000 miles in diameter, and that the height of the 



n the figure 1 Why do both fans move equally long in the exhausted receiTer, though 
one stops much before the other when made to revolve in the open air 1 By what 
means do birds sustain themselves in the air 7 What serves as a prop for their wings ? 
210. Why are the lower parts of the air more dense than the more elevated portions > 
What is the density of the air at the height of 3 miles ? What at the height ot^ 9 miles 1 
Uow high does the atmosphere extend ? If the whole atmosphere was reduced to a 
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atmosphere, if it was of uniform density, would be, as 
above stated, 5 miles. The specific gravity of lead and 
air are taken as they are set down in recent approved 
tables. The student who has some knowledge of mathe- 
matics will find the calculation a pleasing and not a 
tedious operation. 

211. We have seen above (14) that though the at- 
traction of cohesion among the particles of liquids is 
small, yet it is not altogether wanting ; but the particles 
of aeriform fluids, so far from showing any attraction for, 
actually repel each other, and are kept together or in the 
close vicinity of each other, only by external pressure. 
A mass of air, therefore, always expands as soon as any 
portion of the pressure to which it is subjected is removed. 

212. Wind is air in more or less rapid motion, and, 
like other bodies, its force depends upon the quantity put 
in motion and its speed (95.) The effects of this force 
are seen in the motion of ships which are propelled by it 
through the sea, in the motion of the windmill, and in the 
terrible devastations of the hurricane, as it sweeps before 
it trees, and buildings, and every thing movable with 
which it comes in contact. 

The weight of the air present in any given space, as 
an apartment in a building, is much greater than most 
persons generally suppose. Suppose a gentleman's par- 
lor to be 20 feet square and 12 feet high, taking the 
weight of 100 cubic inches of air at 31 grains, (the true 
weight is 31.01 grains,) the weight of the whole air in the 
room will be found, on calculation, to be more than 367 
pounds avoirdupois. Let the student make the estimate. 

213.^ The Air Pump.— {The air-pump is an instrument 
for exhausting the air from vessels prepared for the pur- 
pose. ) It is indispensable for demonstrating the various 
properties of the air and other gases ; and we therefore 
give a description of it before proceeding further. 

aniform density equal to that at the surface, what would be its height t What would be 
tlie diameter of a solid globe of lead to contain the same amount of matter as is contained 
in the atmosphere 7 211. Isthere any cohesion amongthe particles of air ? Whatonlj 
keeps the particles in the vicinity of each other? What is always the effect of removing 
the pressure upon a volume of air 7 212. Wtiatiswind? In what do we see its effects 1 
Wliat is the quantity of air ordinarily present in a room 20 feet square and 12 feet high ? 
213. Describe the figure iu this paragraph. How is the air-pump constructed? 
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To illustrate the principle upon 
which this instrument operates, let C, 
in the accompanying figure, be a glass 
globe with a large neck of glass, A B, 
of equal bore from end to end, and 
having a piece of metal, D, accurately 
fitting the inside, firmly cemented in 
its place, as shown in the figure. In 
the centre of this is a small hole with 
a valve, «, made of leather, which 
opens upward, but when down accu- 
rately closes the opening. P is a pis- 
ton, which fits accurately inside the 
glass, and has in it a small aperture 
with a valve, b, opening upward, and is 
moved upward and downward by 
means of the handle above. 

Now let us suppose this piston in- 
serted at the top and pressed down- 
ward, the air would be forced down be- 
foi-e it into the globe, C, but for the valve, a, which prevents 
its passage ; it must, therefore, be condensed under the 
piston until it acquires sufficient elasticity to lift the valve, 
b, which it eventually does, and thus escapes. When the 
piston has reached the bottom the valve, b, closes by its 
own weight, and as the piston is again raised, a vacuum 
is produced beneath it into which the air in the globe 
rises by its own elasticity, which is sufficient to lift the 
small valve, a. When the piston again descends, the 
lower valve, a, closes, and the air in the barrel is con- 
densed, until it becomes equal in density to the surround- 
ing atmosphere ; the further descent of the piston will 
then cause the upper valve, b, contained in it, to open 
and allow the air below it to escape. As the piston again 
ascends, a further expansion of the air in the vessel, C, 
takes place to fill the barrel by the opening of the lower 
valve ; and thus, by the working of the piston, successive 



AiT Pump. 



Does the air-pump remove all the air from a vessel 1 Why can it not produce a perfect 
vacuum 1 Does tae quantity removed by each elevation of the piiston constantly din^> 

""■ 12 
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portions of the air in C are removed, until at length its 
elasticity becomes so feeble, by reason of the small quan- 
ity which remains within, that it is incapable of lifting 
the valve, a, when of course the further exhaustion must 
cease. It will be seen, therefore, that the air-pump is in- 
capable of producing a perfect vacuum. 

214. We have supposed the globe, C, and barrel, AB, 
in the above, to be made of one piece, but this is not 
usual. The part A B is generally made of metal, with a 
screw at the bottom by which it may be connected with 
a vessel which is to be exhausted. The instrument in 
this simple form is called an exhausting syringe. 

215. Such an air-pump, as described above, would be 
effectual, but of course slow, in its operation. (In order 
to make the instrument exhaust more rapidly^ an J to adapt 
it better for use, it is generally made with two barrels, 
and provided with other conveniences, as described below. 

The first of the 
accompanying figures 
represents an air-pump 
of the ordinary con- 
struction. A A are the 
two barrels provided 
with valves and pistons 
precisely like that rep- 
resented above. At 
the bottom (they con- 
nect with a small tube, 
which is concealed 
from view, but extends 
in to the centre of the 
large circular plate, C, 
so that when the pump 
is worked, the air is 
drawn in at the aper- 
ture in the centre.) ffhe 
surface of this plate is 




AiT PuTnp, 



acTESTioN 214. What is the Exhausting SyringF.t 215. Why is th« common alr- 
pumb made with two barrels 1 How do these barrels connect with the plate of the pump 
«B which the receiver is placed 1 What is the usual form of the receiver used with an 
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gi'ound perfectly plain and smooth, so as to make an air- 
tight joint with a glass receiver^ R (in the next figure,) 
which has its lower edge ground and polished in a similar 
manner. In this last figure, I is the 
tube which extends from the centre, 
C, of the plate to the barrels, and 
■jEt connects with them underneath. 

By the side of the barrels, A A, are 
two pillars, BB, screwed firmly 
into the board which constitutes 
the base of the instrument, and de- 
signed to support a concealed 
toothed wheel that, by means of 
the handle, works the piston-rods, seen at the top of,the 
figure. In front of the barrels is a small stop-cock, not 
shown in the figure, which opens into the tube, I, to let 
in the air when necessary, after an exhaustion has been 
produced. When any substance is to be submitted to 
experiment.^it is put on the plate, C, the receiver placed 
over it, and the air exhausted/ 

To enable the operator to exhaust the air from vessels 
of other forms, besides that of the receiver, R, described 
above,/a thread is usually cut in the hole, C, in the centre 
of the plate, into which a tube may be screwed^ 

The air-pump has, from time to time, been constructed 
in a great variety of forms besides the above, which, 
however, fully illustrates the principles on which it 
acts. 

216. The Condensing Syringe is the converse of the ex- 
hausting syringe, or air-pump above described, and is 
designedjlo condense the air or increase its densif5\ 

This instrument is made in a manner very similar to 
the exhausting syringe, described above, but with a 
solid piston," and having the lower valve to open'down- 
ward. A section of it through the centre, with a screw 
at bottom to connect it with the vessel intQ^ which 



air-pump 1 How are the pistons worked ? Where is the substance placed that is to be 
submitted to experiment 1 How may other Tessels be connected with the pump so as 
to have the air exhausted from them 1 216, What is the design of the Conaensvig 
Syringe 7 How is it constructed 1 Ri what direction must the valve open 1 
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Condenser. 



the air is to be condensed, is represented in 
the figure in the margin. It consists of a 
tube, or barrel of brass, furnished at the bot- 
tom with a valve, E, which opens downward, 
and having a small aperture in the side at A. 
The piston, B, as above stated, is solid, and 
when it is pressed down it forces the air in 
the barrel through the valve, E. On raising 
it, the air is prevented from following it by 
the closing of the valve, E, and a vacuum is 
formed until it reaches the aperture. A, when 
a fresh portion of air enters, to be in turn 
forced through the valve, E. 

By means of these two pieces of apparatus, 
all the important experiments illustrating the 
general properties of gaseous bodies may be 
performed. 
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AND ELABTICITT OF THZ AIR. 



217. As the air is confined to the earth by its gravity 
or weight (208,) it must of course press upon the earth's 
surface precisely as any other substance would. This 
pressure may be shown, and its amount accurately ascer 
tained, by several very simple experiments. 

218. If a glass of the form of B, 
in the accompanying figure, having 
a piece of bladder. A, tied over it 
when wet, and then allowed to dry, 
is placed upon the plate of the air- 
pump, and the air gradually ex- 
hausted, the piece of bladder will at 
first be seen to curve downward by 
the pressure above, and at length 
it will give way with a loud report. 
If, instead of the piece of bladder, 

QtTESTTON 217. Does the air press upon the enrface of the earth just as other bodies ? 
218. How is the pressure of the air shown by a piece of bladrier tied over the mouth of 
a receiver prepared for the purpose 1 If a plate of glass were used instead of the piece 
of bladder, what would be the efftct ? 
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A, the palm of the hand be placed on the glass, upon the 
exhaustion of the air from beneath, it will be held down 
with such a force as to make it difficult to remove it with- 
out first readmitting the air. 

If a piece of thin plate glass were used, it would be in- 
capable of resisting the pressure, and would be broken. 

219. In these experiments, before the exhaustion of the 
air from the glass receiver, the downward pressure upon 
the piece of bladder or upon the hand, is of course the 
same as afterward ; but it is counterbalanced by the up- 
ward pressure of the air within ; when this is removed, 
the effects of the downward pressure are seen as above 
shown. 

If a glass tube, A B, closed at one end, 
be partly filled with water, and the finger 
held upon the open end to prevent the 
escape of the water until it can be inverted 
and immersed in a vessel, C, of the same 
liquid, upon the removal of the finger it 
will be found the water will not fall to the 
surface of the liquid, D E, in the vessel, but 
will remain suspended in the tube, as at m. 
220. Of the tube, instead of being partly 

filled in this manner, had been open at both 

ends, and connected with an air-pump, as 
the air was exhausted the water would 
gradually rise in it until it was quite filled, provided its 
perpendicular height should not be greater than about 33 
feet. If the air were again admitted, the water would 
instantly fall to its former level.\ 

Now, the standing of the water in the tube in the first 
of these experiments above the level of that in the vessel, 
and its gradual rise in the tube in the second experiment, 
are occasioned by the pressure of the atmosphere on the 
surface of the water without the tube. In the last experi- 
ment, before the exhaustion is commenced, the air presses 

Question 219. What if the palm of the hand were used 1 Why is not this downward 
pressure ordinarily perceptible? If a glass lube closed at one end is partly filled with 
water, and the finger held upon the open end until it ca u be inverted and held in a ves- 
sel of water, why does not Ifie water fall upon the removal of the linger ? 2S30. If the 
tube was open at both ends, and connected by another tube with the air-pump, what 
tvould be '' he eCTect of exhausting the air 1 What is the cause of the standing of the 

12* 
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on the surface of the water equally both within and with- 
out the tube ; but as soon as the exhaustion of the air in 
the tube is commenced, the greater pressure on the sur- 
face of the water outside forces a portion to enter the 
tube to supply the place of the air that has been removed. 
When the water has risen to the height of about 33 or 34 
feet, the column is just balanced by the atmospheric pres- 
sure, and no exhaustion will produce any further ascent, 
y 221. If a liquid lighter than water be used, it will rise 
higher than water, in proportion as its specific gravity is 
less. 

So, also, the height to which liquids heavier than water 
can be made to rise, will be less than 34 feet, in propor- 
tion as their specific gravity is greater than that of water. 
222. This is well illustrated in the case of mercury, 
which is about 13i times as dense as water. Thus, 34 
feet, or 408 inches, divided by 131, gives 
30 1 inches, which is about the height to 
which meircury will usually be found to rise. 
223. The column of water sustained by 
the atmospheric pressure is so hig|i (33 or 
34 feet,) that it is not easy to make the ex- 
periment, but with mercury it is otherwise, 
and our conclusions may very readily be 
put to the test. 

Having procured a tube of glass, as A B, 
not less than 33 inches in length, and closed 
at one end, fill it quite full of pure and clean 
mercury, and then pressing firmly against 
the open end with the finger to prevent the 
escape of the mercury, invert it in a vessel 
of mercury, C, and remove the finger. Sup- 
posing the tube to be 33 inches in height, 
and one inch at the bottom immersed be- 
neath the mercury in the vessel, the height 
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Column of Mer- 
cury. 



■water in the tube above its level in the basin, and its rise in the tube when the air is er* 
hausted 1 How high will the water rise in an extiausted tube 1 221. If a liquid ligtlter 
than water be used, what will be the result 1 If heavier, will it rise ashiffh? 222, How 
higli will mercury rise in an exhausted tube? Why does it not rise as high as water? 
How much heavier is mercury than water 1 223. How may the experiment be made 
with mercury 1 Supposing the tube to be 33 inches in length, what will be contained 
above the mercury 1 What is the Torricellian vacuum ? What will be the effect if the 
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of the column above the mercury will at first be 32 inches ; 
but, on the removal of the finger, it will instantly fall to 
DD, and stand there at about 30 inches, the space in 
the tube above this being entirely empty. 

This vacant space above the surface of the mercury 
is called the Torricellian vacuum, from the name of the 
individual who first performed the experiment. It is 
usually considered the most perfect vacuum that can , 
be produced by man, at least when the proper precau- 
tions are taken in forming it. 

That it is really the pressure of the atmosphere which 
sustains the mercury in the tube in this case, is made 
plain by placing the vessel of mercury with the tube, 
under a tall receiver on the plate of the air-pump, and ex- 
hausting the air; the mercury will be seen to fall as the 
exhaustion proceeds; and, if a perfect vacuum could be 
produced, it would fall in the tube quite to a level with 
that in the vessel. 

224. The Barometer. — An instrument prepared as just 
described constitutes the ordinary barometer, which is 
designed to show the pressure of the atmosphere, and any 
changes of pressure that may take place in it. The tube 
is generally made about 32 or 33 inches long; and at the 
upper surface of the mercury a scale is placed, very ac- 
curately divided into inches and tenths of an inch, and pro- 
vided with a vernier, so that variations of a hundredth of 
an inch may be measured. Instead of an open vessel, C, in 
which the mercury is here contained, a wooden cup is 
generally used, having the tube cemented into the top, 
and the bottom made of leather, so as to yield readily to 
the atmospheric pressure. The object of this is to pre- 
vent accident by the spilling of \he mercury, which would 
be likely to happen if the cistern containing it was open. 
On the other hand, if the cistern were made tight, and of 
an inelastic substance, it is plain that the mercury within 



tube and mercury are 'placed under a receiver, and the air exhausted 1 Is it certafr 
that it is the atmospheric pressure that sustains the mercury in the tube 1 224. What 
is the design of the Barometer? How does it show changes in the atmospheric pres- 
sure? How is the barometer made so as to be influenced by atmospheric pressure^ 
and at the same time pr'event the escape of the mercury 1 Why might not the cistern 
be made perfectly air-tight of an inelastic substance t Is the pressure of the air alwaysr 
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would not be affected by variations of atmospheric pres- 



sure. 



ms. 



The figure in the margin represents the 
tube of the ordinary barometer, with its cis- 
tern, C, of mercury at the bottom. To con- 
struct it, the tube of glass, A B, is firmly 
cemented in the wooden cistern at B, the 
bottom, D, being open. Pure mercury is 
then poured in so as to fill the tube and cis- 
tern, and is made to boil in order to expel ail 
the air it may contain ; a piece of leather 
is then cemented on to form the bottom, D. 
Upon bringing it to its present position, the 
mercury falls a little in the tube, and the 
leather at the bottom is slightly pressed 
down, and yields sufficiently to allow the 
mercury to fall and rise considerably in the 
tube. 

By means of this instrument it has been 
determined that the pressure of the atmos- 
phere, even at the same place, is not uni- 
form ; for, though it usually sustains the 
mercury at the height of nearly 30 inches, at the level of 
the sea, yet it will sometimes fall as low as 28, or rise as 
high as 31 inches. In some cases these changes are very 
sudden, but usually they take place gradually. 
'Sr 225. No less than twelve or fifteen modifications of 
this instrument, besides the above, have been proposed 
by different individuals ; but one only will be described 
here. This is the wheel barometer, invented by Hooke. 
It is frequently used as an ornament for parlors, " to give 
them an air of Philosophy ;" but its indications are not 
very accurate. It is made just as the barometer de- 
scribed above, except that instead of the cistern at the 
bottom, the tube is bent upward, as seen in the figure 
The atmospheric pressure acts upon the surface, F, of 
the mercury, and sustains the column, E K, above the 




n Jform at the same place ? What is the usual height of the mercury at the level of the 
seal How much may it vary above and below 30 inches ■? 225. How many different 
modifications of this instrument have been produced 1 Can any connection be traced 
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Wheel Barometer, 



level, F K. The columns, F B and B K, 
support each other. If the pressure is 
at any time increased, the surface, F, 
will be depressed, and the surface, E, 
will rise towards A, by an equal amount; 
consequently, the diflerence of level be- 
tween F and E, or the mercurial column 
which is supported by atmospheric pres- 
sure, will be increased by twice the 
space through which F is depressed. 
When the pressure of the atmosphere 
is diminished, the surface, F, will rise, 
and E will fall. On the surface, F, a 
weight is placed, to which a cord is at- 
tached, passing over a wheel, P, with 
an index or pointer, H, and having an- 
other weight, W, at the other end. 
Now, as the surface, F, rises or falls, a 
similar motion of the weight on its sur- 
face is produced, and the pointer is 
made to turn on its axis ; and, by having a circular plate, 
G, properly graduated and attached to the instrument 
just behind the pointer, the variations of the height of 
the mercurial column are beautifully indicated. Usually, 
around this graduated circle, the words " Fair," 
" Stormy," &c., are engraved, as if these states of the 
weather might be expected always whenever the mercury 
stands at the height indicated by them ; which, however, 
is by no means the fact. 

But long observation has fully proved that there is a 
connection between changes in the height of the baro- 
metric column, and changes in the weather. Thus, it is 
said that, in general, the rising of the mercury indicates 
fair weather, and its falling the reverse. When a very 
sudden and great fall occurs, especially at sea, a storm, 
with high wind, is to be expected. But none of these in- 
dications are to be considered by any means certain. 
Instances are, however, given, in which captains of ves- 

between changes in the weather and changes in the barometer ■? What does the rising 
of the barometer indicate ? What is indicateri by a fall 1 What is said of the storm of 
1844 upon lalce Erie 7 
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selsfby heeding the indications of the barometer, and 
malting seasonable preparations for the approaching storm, 
have saved themselves from its effects, which otherwise 
would very probably have been disastrous. The dreadful 
storm that occurred on lake Erie, in the autumn of 1844, 
was plainly indicated at Buffalo several hours before its 
commencement there, hy a sudden and unusual fall of the 
• mercury in the barometer. About the time the mercury 
was thus falling, several steamboats left the harbor, and 
were wrecked, and many lives lost in their encounter 
with the gale ; a disaster which might have been avoided 
had they been provided with good barometers, and their 
officers acquainted with their use. 

It would, without question, be difficult to explain fully 
why this relation between changes in the state of the 
weather and changes in the height of the barometer 
should exist ; but it is very easy to conceive that a storm 
in any place, which is only a violent commotion in the 
atmosphere there, should have the effect to increase or 
diminish the pressure in places in the vicinity. And, as 
storms move over the surface of the earth, the place 
which at one hour is only in the vicinity of a storm, may 
shortly afterward be the theatre of its most violent effects. 

When used for this purpose, the barometer is some- 
times called a weather-glass. 

An instrument called the Aneroid Barometer, which has 
recently been invented, and dispenses with the use of mer- 
cury or other liquid, though not possessing the minute 
accuracy of the common barometer, is likely to supersede 
the use of it as a weather-glass, especially on ship-board. 
<=^\ 226. The Syphon-gauge, used to determine the degree 
of exhaustion produced by an air-pump, is a barometer 
of a peculiar construction. It is evident that if the com- 
mon barometer could be placed under the receiver of the 
air-pump, the exhaustion produced at any time would be 
correctly indicated by it, a fall of one-half, one-third, oi 
one-fourth its length showing that a corresponding pro- 
portion of the air had been removed ; but its length is so 
great, 30 or 31 inches, as to preclude its use in this way. 

Question 226, What is the depign of the Sjjphon-gitage in the air-pump ? How ie it 
constructed 1 When this gauge is 7J inches in height, how far must the exhaustion b« 
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Syphon-gauge. 



The syphon-gauge is cemposed of a glass tube, A B C D, 
bent in the form represented in the figure, 
and firmly cemented into a brass socket, 
with a faucet at D. It is then nearly one- 
third filled with clean mercury, which after 
being allowed to settle at the further end of 
the tube at A B, will be held there by at- 
mospheric pressure. If this be now con- 
nected with the air-pump, so as to com- 
municate with the receiver, whenever the 
exhaustion is carried beyond" a certain 
point, the mercury will fall. Let us sup- 
pose that the part, A B, is 7i inches in 
length, which is one-fourth of 30, whenever three-fourths 
of the air has been exhausted, the column of mercury, be- 
ing no longer supported, would begin to fall, the lower 
surface at B rising at the same time. If a perfect vacuum 
could be produced, both surfaces of the mercury would 
stand at the line m m. 

227. Pressure of the Atmosphere variable. — It has been 
said above that the height to which a column of water 
may be raised by atmospheric pressure is about 34 feet, 
or the column of mercury about 30 inches, though sub- 
ject to considerable variation. But these heights apply 
only to places situated near the ordinary level of the sea. 
As we ascend above this, and of course above a portion 
of the body of the atmosphere, the mercury in the barom- 
eter is observed to fall. If the atmosphere was of uniform 
density at all distances above the surface, this fall of the 
mercury would necessarily be proportional to the height ; 
that is, if an ascent of 100 feet above the level of the sea 
produced a fall of yVth of an inch, then on ascending 200 
feet it would fall y\ths of an inch, and so on for any 
other height.- But this is by no means the case ; it is 
found by experiment that the mercury falls much more 
rapidly while ascending the first hundred feet, than it 
does in passing through the second ; and more the 

carried before it is affecfed ? Can a column of water be raised 34 feet above the surface 
on a iiigh mouutain 1 What is the reason 1 Will the mercury in the barometer de- 
scend equally for every ascent of 100 feet ? 227. What is the height of the mercury in 
the barometer 3 miles above the surface of the earth 1 What would be its height 15 
nifle3««.&. *he surfaced 
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second hundred feet than in the third, and so on. Tliis 
is in consequence of the density of the air diminishing, as 
we ascend from the surface, by reason of the diminished 
pressure (210.) The stratum of air at the surface is 
pressed by the whole weight of the superincumbent at- 
mosphere ; but, as we ascend above this, the quantity 
of the superincumbent fluid being less, the pressure will 
be less, and also the density. 

It is found that at 3 miles above the level of the sea 
the mercury stands at about 15 inches, the height of the 
column being diminished about one-half in this distance ; 
and it has been calculated, that at the height of 9 miles, 
it would stand at 3f inches ; and at 15 miles, only 1 inch. 

228. Measurement of Heights by Barometer. — It will 
be seen from the above, that this instrument may be used 
for the measurement of heights ; this is indeed one of the 
most important purposes it serves. But to insure accu- 
racy in the results, several very important precautions 
are to be taken. One of the chief causes which affect its 
results is variation of temperature between the stations at 
the base and top of the mountain, the height of which is 
to be measured ; but rules have been devised for making 

• the necessary corrections for this and other sources of 
error ; and the heights of mountains, especially at a dis- 
tance from the sea, can probably be determined as accu- 
rately by this instrument as by any other means, and with 
much less expense and trouble. 

229. Amount of the Atmospheric Pressure. — We have 
seen above that the pressure of the atmosphere at the 
level of the sea will ordinarily sustain a column of mer- 
cury at the height of about 30 inches, and a column of 
water at the height of 34 feet. Now, a tube an inch 
square and 30 inches in length will hold 15 pounds of 
mercury very nearly ; by which we learn that this is the 
amount of the atmospheric pressure upon each square 
inch of the earth's surface. And as it is the nature of a 
fluid at any point to press equally in every direction 
(145,) the lateral and upward pressure at any point will 

CiuBSTiON 223. May the barometer be used for measuring the height of mountains? 
What precautions must be taken to hiaure accuracy 1 2'i9. What is Ihe pressure of tlie 
atmosphere upon each square inch ^ How is this determined 'i How gi'eat pressure 
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be the same. This plainly is the reason why we suffer 
no inconvenience from the enormous pressure to which 
we are constantly subjected, and are even insensible to it. 
The body of a man, the surface of which is about 2000 
inches, must constantly sustain a pressure of about 30,000 
pounds, or nearly 14 tons. It is easy to see, therefore, 
that if the pressure in one direction, as downward pres- 
sure, was not counterbalanced by an equal pressure in the 
opposite direction, we should be crushed to the earth by 
a foi-ce altogether irresistible. 

230. The Magdeburgh Hemispheres, so called from the 
name of the place where they were invented, serve the 
purpose to make the pressure of the atmosphere evident, 
better, perhaps, than any other experiment. 

They consist of hollow hemis- 
pheres of brass, A and B, which 
are accurately ground so as to fit 
each other at the edges, and form 
an air-tight hollow sphere. One 
of them has a tube with a faucet, 
E, and screw, C, by which it may 
be connected with the air-pump, 
and to which a ring for a handle, 
like that on the hemisphere, A, 
may be screwed after it has been, 
exhausted and separated from thfr 
pump. To exhaust the air, tha 
Magdeburgh Hemispheres. two hemispheres are to be placecj 
together with a httle tallow in tha 
joint, if necessary, to make them 
perfectly tight, and it is then to be screwed into the holet 
in the centre of the plate in the air-pump. When ex- 
hausted,' they will be held together by a strong force, so. 
that two persons taking hold by the rings or handles will 
hardly be able to separate them. 
'5;-;^31. Effects of Attnospheric Pressure. — Many of tli» 
operations of nature and art which we are constantly 

does the body of a man constantly sustain % Why is he not pressed by it to the earth > 
230. How are the Magdeburgh hemispheres constructed 7 How are they used? 23U 
How may a circular piece of leather be made to adhere to a smooth stone by atmos.-. 
pheric pressure so as to lift iil 

13 
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witnessing are dependent upon atmos- 
pheric pressure. 

If a circular piece of tolerably thick 
leather, 2 or 3 inches in diameter, be 
moistened, and then placed closely 
upon a smooth surface, it will adhere 
with considerable force ; if it be placed 
upb'n a smooth stone, and a string at- 
tached to the centre, the stone, though 
weighing several pounds, may be lifted 
by it. This is owing to the exclusion 
of the air as the leather is raised from the stone at its 
centre by the pulling of the string. The force with 
which the two surfaces will be held together will be equal 
to about 15 pounds for every square inch of the surfaces 
in contact. The experiment is represented in the figure 
in the margin ; S, the stone, and L, the piece of leather. 
232. The ability of some insects, as the house-fly, to 
walk on ceilings and other smooth surfaces presented 
downward, and even on smooth panes of glass, is said to 
be owing to the pecuHar formation of their feet, by which 
they are made to adhere to the surface in the manner of 
the piece of leather in the above experiment. The feet 
of the common tree-toad of New England, {Hyla versi- 
color,) it is believed, also act in part on the same prin- 
ciple. 

233. Let B, in the accompanying figure, 
be a receiver, in the top of which a piece 
of wood is accurately fitted with an exca- 
vation, A, in it, into which some mercury 
may be poured. On exhausting the air 
from B, by placing it upon the plate of the 
air-pump, the mercury will be forced 
through the pores of the wood by the ex- 
ternal pressure, producing a beautiful 
shower of the metal. 

■ ' / 234. 'The upward pressure of the air may 

be shown very beautifully in the following 

Question 232. How do insects adhere by their feet to perfectly smooth surfaces ! 233. 
How may mercury be forced tbroush the pores of wood J 234. How may the upwara 
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Upjcard Pressure of the 
Air. m 



manner. Take a glass tumbler, or other taller vessel if 
desired, and fill it quite full with 
water, and carefully place a piece of 
pa,per over the surface, pressing slight- 
ly upon it with the hand. Then sud- 
denly invert the vessel and remove 
the hand ; the water will be retained 
in it, its whole weight being sustained 
by atmospheric pressure. The paper 
serves to prevent the water from 
breaking and falling in drops or frag- 
ments. F 

235. I Ink-bottles are sometimes 
constructed on this principle, of the 
form repi-esented in the figure. The 
design is to prevent the drying of the 
ink, which is occasioned by too 
large a surface being presented to 
the atmosphere. The only opening 
the bottle has is at A ; by turning 
this upward the ink may be poured 
in, and when the bottle is nearly filled, and turned back 
to its upright position, it is prevented from escaping by 
the atmospheric pressure. The pen is introduced at A, 
which must be of sufficient depth for this purpose ; and 
when the quantity of fluid in this part is sufficiently re- 
duced, a bubble of air enters, and a portion of the ink in 
the body of the vessel is permitted to descend./ The only 
disadvantage which attends the use of this ink-bottle is 
occasioned by the expansion of the air above the ink by 
a rise of temperature, which will sometimes cause the 
ink to flow out at the mouth.^ 

236. Elasticity and Compressibility of Air. — Mariotte's 
Law. — We have seen (210) that in consequence of the 
pressure of the upper parts of the atmosphere, the air 
near the surface is much more dense than at more elevated 
positions. (^There is no limit known to the amount of 




pressure of the air be sliown by means of a tumbler filled with water? 235, How is the 
ink kept in t'.ie ink-bottle represented in paragraph 235? To what inconvenience-is it 
subject? 236. Is there any limit to the compressibihty of the air ? How are some of 
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compression by pressure which atmospheric air admits of,; 
though some of the gaseous fluids, as carbonic acid gas, 
chlorine, &c., are ' condensed /so as to take the liquid 
form, when the pressure reaches a certain limit depending 
upon the temperature, i 

yit is found by experiment that the volume 
or bulk of air, under different pressures, is 
less as the pressure is greater.) This may 
be shown as follows. Let A B C D be a 
glass tube, closed at D, and bent in the 
form represented ; and ^t mercury be 
poured in at the open end by inchning the 
tube a little until it fills the bend, B C, and 
divides the tube into two parts. If now 
more mercury is poured into the tube, its 
weight will press against the air at C, and 
cause the surface to rise toward D. We 
will suppose that sufficient mercury is poured 
in to cause the surface, C, to rise to n, com- 
pressing the air in C D into one-half the 
space it at first occupied, which will re- 
quire the column in the part A B to be 
about 30 inches in height above the fine 
m n. The volume of air in C D is therefore 
diminished one-half, by the pressure of a 
column of mercury 30 inches in height, which we have 
heretofore learned is just equivalent to the ordinary pres- 
sure of the atmosphere. But before the mercury was 
poured in, the air in C D was under the pressure of 1 
atmosphere, and, by adding as much more, or increasing 
the pressure to 2 atmospheres, the volume, as already 
stated, is reduced to one-half. If the pressure were in- 
creased so as to be equal to 3 atmospheres, the volume 
would be reduced to one-third ; if increased to 4 atmos- 
pheres, it would be reduced to one-fourth ; and so on for 
any other pressure. This could easily be shown, if the 
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Compressure of 
Air, 



the gases affected by strong compression T In what ratio does the volume of air dimin- 
ish as the pressure is increased 1 How is this illustrated by means of the apparatus 
represented in the accompanying figure ? How much is the volume diminished wheD 
the pressure is doubled, trebled, or quadrupled ] What is the law of MarioUe } 
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part of the tube A B was of sufficient length, by continu- 
ing to pour in mercury, and observing the height of the 
column and the space occupied by the air in D. When 
the column of mercury was 60 inches in height, only one- 
third of the space, C D, would be filled with air ; and 
when the column of mercury attained the height of 90 
inches, the air in C D would be compressed into one- 
fourth the space it at first occupied, &c. 

We have, then, this law, usually called the law of 
Mariotte, that the volume of a gas will always he in th^. 
inverse ratio of the pressure to which it is subjected. 

237. As a necessary consequence of the above princi- 
ple, it must follow, that the elastic force or expansive 
power of a portion of air will increase in proportion as 
the space it occupies is diminished ; and the elastic force 
will diminish in proportion as the space through which it 
is allowed to expand is increased. 

This may be better understood by 
the following illustration. Let A B 
C D, in the first of the accompanying 
figures, be a cylinder in which the 
solid piston, A B, moves air-tight, and 
without resistance from friction ; and 
let the distance from this piston to 
the bottom of the cylinder be just 12 
inches. Let us suppose the weight 
of the piston to be just 20 ounces ; 
and that the elasticity of the air with- 
in is just sufficient to sustain this weight. Now, suppose 
a weight of 20 ounces is placed upon the piston, which will 
make thcywhole weight 40 ounces. The elasticity of the 
contains air not now being sufficient to sustain the pis- 
ton, it will fall a certain distance, until the air is so much 
compressed, and its elasticity increased, that it is again 
supported in the position seen in the next figure. By 
measuring A C now, the distance will be found to be 
just .6 inches, the doubling of the pressure having re- 




Etasticity lUustrated. 



Question 237. How is the elasticity of a portion of air affected by compreBsion ? 
How IS its elasti -ity aifected when it is allowed to expand t How is this illustrated by 
reference to figure in paragraph 237 1 How much is the air in the cylinder compressed 

lt> 
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Elasticity Illustrated. 



duced to one-half the volume of the 
contained air, and at the same time 
doubled its elasticity, as appears from 
the fact that it now sustains twice 
the weight it did before. 

If, now, a weight of 20 ounces 
more were added to the piston, the 
air within would be further compress- 
ed, the piston descending to within 
4 inches of the bottom. The compressing force would 
then be three times as much as at first ; the contained air 
would be reduced to one-third of its original bulk ; and 
its elasticity would be three times as great as at the com- 
mencement of the experiment. 

A further addition of 20 ounces weight to the piston 
would cause it to descend another inch, thus reducing the 
air to one-fourth of its original volume, and increasing 
fourfold its elasticity. If still more weights were added 
to the piston, the same proportion would be observed be- 
tween the pressures, the corresponding volumes of the 
air, and its elasticity ; but no force could compel the pis- 
ton to descend quite to the bottom of the cylinder. 

)( 238. The ordinary elasticity of 
the air is of course just suihcient to 
resist the ordinary pressure of about 
15 pounds to the square inch ; but 
this force will sometimes produce 
unexpected effects. If a square bot- 
tle, B, be firmly sealed, so as to be 
air-tight, and then placed under the 
receiver of the air-pump, when the air 
is exhausted from the receiver so as 
to remove the pressure from the 
outside of the bottle, the expansive 
force of the air within will often 
be found sufficient to burst it out- 
ward. , 
.. =4— 

Dy doubling the weight of the piston 1 Can any force press the piston quite to the tat- 
lom of the cylinder l 238. If a square bottle is coi-ked and sealed perfectly tight in the 
open air, what will be the effect of placing it under the receiver of the air-pump and ex 
haustiug the air ] 




Bottle Burst. 
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239. Let a bottle, B, in the next figure, be 
partly filled with mercury, and a tube open 
at both ends be iiiserted air-tight through the 
cork ; when it is placed under a tall receiver, 
A, and the air exhausted, the elasticity of the 
small portion of air in the bottle above the 
mercury will cause the mercury to be raised 
to a height corresponding to the degree of ex- 
haustion produced. If all the air could be 
exhausted, th^ mercury would rise in the tube 
to the height of 30 inches. 

The elasticity of the air may also be shown 
by suspending an India-rubber bottle or blad- 
der, containing a Httle air, with its mouth 
carefully tied, in the receiver of the air-pump, 
and exhausting the air. As the external pres- 
sure is removed from the bottle, the air within 
it expands, causing it to be greatly enlarged. When the 
air is again admitted into the receiver, the bottle con- 
tracts, the volume of the air within it being again reduced 
as at first. If the bladder, instead of being suspended so 
as to hang freely in the receiver, is placed in a cavity 
and loaded with weights, they will be lifted by the expan- 
sion of the air in the bladder when the receiver is ex- 
hausted. 

We have seen, heretofore (176,) that fishes regulate their 
motions in water in part by means of a sack contained 
within the body, and filled with air, called the air-bladder. 
If some small fishes in water be placed under a receiver, 
as the air is exhausted they show a tendency to rise 
to the surface, in spite of every effort they can make 
to descend ; and, if the exhaustion is continued the air- 
bladder will often be burst by the expansion of the air, 
destroying the life of the fish. 

240. Respiration of Animals. — 'The lungs of animals 
are alternately inflated and contracted, in the process of 
respiration, in a manner somewhat similar to the above. 
This important organ of animal^ is composed of soft elas- 



QuESTiON 239. How may the elasticity of a portion of confined air be made to elevate 
a column of mercury in a tube ' 210. How are the lungs of animals alternately in^at(i4 
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Respiration Illustrated. 



tic fleshy substance, situated in the chest, and filled with 
air-cells^; which communicate with the external air J)y 
means of the windpipe and nostrilsy (By means of the 
diaphragm and rib^ the cavity of the chest is made alter- 
nately to expand and contract, by which corresponding 
motions of the lungs are produced. 

The figure in the margin 
will serve to illustrate the pro- 
cess. Let M be a glass receiver, 
having a bladder, A, partly filled 
with air, suspended in it, com- 
municating with the external 
air by means of a small tube 
passing air-tight through a cork 
at B ; and having the bottom 
closed, also air-tight, by a leather 
bag, D. Now, by drawing out 
this part, D, by the hand, in 
consequence bf the increased 
capacity of the receiver, the air is drawn in through the 
tube, B, into the bladder, and inflates it ; but, by pressing 
upward on the part D, as shown in the figure, N, the" air 
in the bladder is agiain forced out through the same tube, 
B, into the open air. By moving the bag, D, backward 
and forward in this manner, it is evident the air in the 
bladder. A, will be kept constantly moving in and out 
through the tube, B, precisely as in the process of respi- 
ration. In respiration, the diaphragm and muscles of the 
ribs serve the purpose of the leather bag, D, causing an 
alternate inspiration and expiration of the air through the 
windpipe and nostrils. 

241. This constant inspiration and expiration of air 
from the lungs of warm-blooded animals is absolutely 
necessary for their existence. The air in the lungs is 
constantly undergoing a change which unfits it for the 
support of life, and it therefore requires to be renewed by 
fresh portions ; an object which we see is admirably ac 

and then contracted"? What do the lungs of animals consist of? How do they com- 
municate with the external air l How is the cavity of the chest alternately expanded 
and contracted 7 What is illustrated by the figure 1 241. Is this constant inspiration 
and expiration! fair necessary to animals? Why is it necessary that the air of au» 
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complished in the process of respiration just described. 
But, if a person or animal is confined in a small close 
room, by continually breathing the same air, the same 
change as takes place jn the air in the lungs will after a 
time be produced in the whole air of the apartment^> 
Hence arises the necessity of having the air in our apart- 
ments constantly changed ; or, in other woi'ds, to have 
them well ventilated. In ordinary dwelling-houses, in 
which the apartments are large in proportion to the num- 
ber of occupants, and opportunity is frequently given for 
the passage of the air in and out by the opening of doors, 
there is no need of any special provision being made for 
their ventilation; but, when large assemblies are to remain 
for some time in comparatively small rooms, or when from 
any cause there is not a free communication between the 
air of an apartment and the external atmosphere, injuri- 
ous consequences will be certain to result unless some 
means are contrived to produce a circulation of the air. 
Various means have been suggested for this purpose, l/i.:t 
usually it will be sufficient if a tube is provided leading 
from the upper part of the room through which the dele- 
terious air of the room may escape, and another leading 
from the lower part to admit the fresh air from without. 
The impure air, as it comes from the lungs at a tempera- 
ture a little above that of the surrounding air, immedi- 
ately rises and passes out by the escape-tube, while a 
fresh portion enters to supply its place. If the apartment 
is heated by a fire, the circulation of the air will be in- 
creased. The size of the tubes should of course be pro- 
portioned to the size of the apartment to be ventilated. 

The absolute quantity of, air which is consumed per 
hour by a full-grown person has been variously estimated 
by different writers, some putting it as low as 12 cubic 
feet, and others as high as 720 ; but the former quantity 
may be taken as that required merely to sustain life, and 
the latter as the amount required to promote the perfestly 
healthy action of the system. Pr«bably we may take 

npartments should be constantly changed t Why is it not necersary to provide special 
means for ventilating ordinary dwellings ? When large assemblies are to remain some 
time in comparatively small rooms, what means should be provided for their vexitila- 
tioul W'^.at occasions the delettrious'air from the lungs to rise 1 
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60 cubic feet per hour, or one foot per minute, as the 
least that can be allowed without endangering the health. 
A good experiment to illustrate 
the tendency of the warm impure 
air of a room that is occupied to 
escape may be made in the follow- 
ing manner. Let a door leading 
from a warm room to one unoccu- 
pied, or to a hall be partly opened 
and a lighted candle held at the 
opening near to the top, and then 
near the bottom ; when near the 
top the flame will be seen to trail 
outward by the current of warm 
air that is escaping, but when held 
near the bottom the flame will be 
bent inward by the entrance of 
colder air to supply the place of 
that which is escaping. 

242. There are some phenomena 
attending the passage of air 
through tubes, and its escape from 
them in certain circumstances, 
which are not a little curious., If a tube be made of 
tissue-paper, 6 or 8 inches long, and about an inch or 
a little less in diameter, having a piece of wood in 
one end with a hole in its centre a quarter of an inch 
in diameter, on blowing through this hole, either directly 
or by means of a small tube, the paper will collapse, 
plainly indicating the production of a partial vacuum 
within it. This we may suppose to be occasioned by the 
sudden expansion of the air on escaping from the small 
tube by which it was introduced within the paper tube. 
A portion of the air within the paper is blown away, and 
the tendency of the air outside to rush in and supply the 
vacuum, produces the collapse we have noticed. 

It appears that the escape of a gas from a tube 
into the open air is always attended by a degree of rare- 
faction about the mouth of the tube, and a consequent 

QuESTiow. How is the experiment with the lighted candle explained ? 
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pressure of the surrounding air toward this point at cer- 
tain distances around. Let a person cut out two circular 
pieces of thick paper or pasteboard about 3i or 3 inclies 
in diameter, and, making a hole in the centre of one, in- 
sert it in the end of a small tube, as a piece of a quill ; then, 
making the other disc of paper a little concave, let him 
place it with its concave side down upon the first, holding 
them in a horizontal position, with the quill downward. 
If now a strong current of air be passed through the quill 
by the mouth, contrary to what might be expected, it will 
be found quite impossible to blow off the upper piece of 
paper. The air blown through the quill expands and 
escapes at the edges of the paper discs, a partial vacuum 
being all the time kept up between them sufficient to keep 
the upper one in its -place. 

If a small pin is stuck in the centre of the upper card, 
and allowed to project into the tube, it will prevent the 
card from sliding off. 
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Suction-Pump. 



243. Suction-Pump. — Pumps 
_for raising water are variously 
constructed, but the one most 
commonly seen is the suction- 
pump,(so called from the pecu- 
liar mode of its action.\ This 
instrument is essentially the 
same as the air-pump already 
described, (213,) except that it is 
made larger, and has much lar- 
ger valves to permit the water 
to pass freely. It is worked by 
means of the handle, H, and is 
usually a little enlarged at the 
top to form a reservoir for the 
water, and allow it to escape by 
the spout, S. "When the lower 
part is immersed in water, and 



Question 243. Is me common suction-pump similar to the air-pump in its construe* 
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the handle worked, the first effect is to exhaust the air from 
the tube beneath the piston, P/precisely as in the air- 
pump ; but this causes the water to rise gradually to fill 
the vacuum thus produced, until at length it reaches the 
lowei valve, v', which is represented in the figure as open, 
the piston being supposed to be rising, and the valve v in 
it of course shut. After it has become filled with water, 
at every successive elevation of the piston, the watei 
issues freely at S. 

As the atmospheric pressure is suflScient only to raise 
a column of water to the height of about 33 or 34 feet, it 
will be seen at once that in this pump the lower valve 
must always be placed within this distance of the surface 
of the water ; and it is therefore unsuited for use in deep 
wells, or in any case where the water is to be raised to a 
greater height than the distance mentioned. -^ 

244. Forcing- Pump. — Th^ forcing- 
pump is represented, in section, in the 
accompanying figure. Like the pump 
just described, it is formed of a cylin- 
drical tube. A, to which a smaller 
one, B, is usually attached, leading to 
the water of the well or cistern from 
which it is to be raised. But the pis- 
ton, P, is made solid, and the upper 
valve, V, is placed in a tube or spout 
branching off from the main tube, A. 
At v' is the lower valve precisely as 

JBj"" in the suction-pump; and the water 

H is raised to this valve by atmospheric 

ML^ pressure just as in that pump. Let 

us suppose every thing in order, and 
Forcing-Pump. the lowcp end of the pump immersed 

in water ; by the first elevation of the 
piston, P, a vacuum will be formed in the chamber below 




tion 7 Why is it called by this name 1 Wheu the lower part is placed in water, what is 
the effect ofihe first stroke 1 Why does the water rise 1 On depressing the piston, 
why does not the water again descend 7 After the water reaches the piston, now is 
if made to pass through the pump 1 How high may water be raised in this pumpi 
Why may it not be raised higher? How high may mercury be pumped? 244. 
How is Vne forcing.pmnp constructed? Where is the upper valve placed? How 
is the water raised to the lower valve? Is there any limit to the height to which the 
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.t, and the air will rush in through the lower valve v', the 
water of course rising to supply its place. When the 
piston is again depressed, a portion of the air below it and 
above the lower valve, v', will be forced out through the 
upper valve, but will be prevented from entering again 
by the closing of the valve. Upon a second elevation of 
the piston, more air is again drawn up through the valve 
v', to be also forced up by the descent of the piston through 
the upper valve, v ; and this is repeated until at length 
the water reaches the valvies, and is made to pass through 
in the same manner as the air has done. At every elevation 
of the piston the water rises through the lower valve, and 
every time it is depressed, a portion is driven onward 
through the upper valve into the tube, C, by which the 
water may be raised to any required height. 

In this pump, as thus constructed, the water is neces- 
sarily forced out of the pipe, C, in successive jets, at every 
descent of the piston. In order to cause it to flow in a 
continued stream, an air-vessel is sometimes added to the 
lateral pipe, C, in the following manner : 

D, is a strong vessel made per- 
fectly air-tight, except the valve by 
which it connects with the body of 
the pump, and the tube C, which 
extends nearly to its bottom. Now, 
when the water is forced into this 
air-vessel through the valve at the 
bottom, as soon as it has risen to E, 
the bottom of the tube, all the air 
in it must be condensed in the upper 
part ; and by its elasticity pressing 
upon the water, it will cause it to 
flow out through the tube C in a 
constant equal stream. 

245. The Fire- Engine, as usually 

made, is merely a large forcing- 

Forcinff Pump. pump of this Construction, adapted 




water may be forced by this pump 7 How may the water be made to flow in a contin- 
ued stream 1 How does the air-vessel operate to produce this effect 1 Si5. What is 
the use o( the Jire-enginel What does it generally consist of? What is the use of 
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to throw a stream of water to a great height for extiu- 
guishing fires. It generally has two cylinders, each with 
its piston and valves, so situated by the side of the air- 
vessel that the water from both is forced into it, one pis- 
ton ascending and the other descending at each stroke. 

A flexible leather tube called a hose, sometimes of one or 
two hundred feet in length, is attached to the pipe, C, bj 
which the water may be carried to the immediate vicinity 
of the burning building, and directed to the proper 
points, without exposing the machine itself, or the men 
who work it, to danger or inconvenience from the heat. 
Let D E be a large box or reservoir to contain water ; and 
let A and B be two cylinders with solid pistons ; and C, an 
air-vessel, with a tube leading from near the bottom through 
Its top. At V V V" and V" are valves, the first and last 
opening upward, and each of the others opening into the 

air-vessel. If we now suppose 
the pistons to be worked by 
means of the handle to which 
they are connected, it will be 
readily seen that from both cyl- 
inders the water is forced into 
the air-vessel, from which it is 
driven by the elasticity of the 
confined air, in the manner de- 
scribed above. 

The whole apparatus of the 
fire-engine is always placed 
on wheels, (so as to be readily 
transferred from place to place?) 
as necessity may require. There is generally also'^^a 
suction-hose accompanying the machine, which, when 
an opportunity occurs, as is often the case, may be thrust 
into a well or cistern, and the instrument be thus made 
to supply itself with water just as the simple forcing- 
pump already described. This suction-hose is made to 
connect directly with the cylinders themselves, by means 
not indicated in the figure ; so that the reservoir, D E, is 




JF'ire Engine. 



the Jiose? Why are two forcing-pumps used 7 Is the water driven from both into 
the same air-chamber ? Why is the fire-engine placed on a carriage 1 How may a jet 
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not then brought into use. 'But as the water is raised to 
the lower valve by atmospheric pressure, it is evident 
that its height above the water must not be greater than 
about 34 feet. 

The mode in which the air-vessel operates to produce 
the effect described above may be further illustrated in 
the following manner. Let a globular vessel, A, with a 
proper neck, be partly filled with water ; and let the tube 
B be made so as to screw air-tight into this neck and 
reach nearly to the bottom. The small tube, C, being 
then removed, let the condensing syringe (216) be 
screwed in its place, and a quantity of air forced in 
through the tube B ; it will be condensed in the upper part 
of the vessel. The syringe being now removed and tube 
C inserted in its place, upon opening the faucet the con- 
densed air within will force the water out in a beautiful jet. 
By removing the top, D, and sub- 
stituting a piece of another form, E, 
jets of various forms may be pro- 
duced. 

A jet of water may 
also be produced by the 
ordinary pressure of the 
atmosphere. Let a tall 
glass receiver. A, be 
placed upon a plate of 
metal having in its centre 
a tube terminating in a 
small aperture above, 
and having a screw at 
the lower end by which 
it may be connected with 
the air-pump, so as to 
exhaust the air. If now after exhaus- 
tion the whole be removed from the 
air-pump and the lower end of the 
Jet d'Eau, tubc be immersed in a pitcher of wa- 
y.-.'. i.t.,t f... __- 





Jet in Vacuum. 



o! water be produced by means of a strong air-tight veseel and a condensing s fringe 1 
Describe the figure " Jet in Vacuum 1" 
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ter, upon opening the faucet the water will be forced into 
the receiver in a fine jet. 

_.< 246. The Lifting-Pump. — The lift- 
ing-pump is designed to acl^ltogether 
independently of atmospheric pres- 
sure?) It consists of a hollow cylin- 
der, A B C D, the lower end of which 
is immersed in the reservoir from 
which the water is to be raised. At 
the proper distance, C D, from the bot- 
tom, a valve is placed opening up- 
ward, and below this is the piston with 
a valve also opening upward ;(^the 
piston-rod R, passes down and con- 
nects with the frame-work, repre- 
sented in the figure, by which it is 
worked.) Above C D, the tube i^ bent 
so as not to interfere with it.^ This 
pump must be immersed so that the 
water may reach the upper valve; then when the pis- 
ton is forced upward, the water above it is made to open 
that valve and occupy the pipe above C D, and on its 
descent is kept there by the closing of the valve, the water 
at the same time entering. through the valve in the piston. 
On the re-ascent of the piston a portion of the water is 
again forced up through the upper valve, and so on 
while the pump is worked. I 

247. We shall describe only one other pump, called the 
double-acting pump, which is represented in the figure in 
the margin. A B is the cj^linder in which the piston plays 
by means of a rod passing air-tight through a collar at A ; 
and C, D, E and F are four va,lves, two of which will be 
open and two shut art each stroke of the piston. Let us 
suppose the piston to ascend, the water above it will be 
raised, causing it to open the valve, D, and pass on, as 
shown by the arrow, through the pipe leading to the 
cistern to which the water is to be conveyed ; and, at 



Question 246 How is the lifting-jmmp desired to act) What does it consist oH 
Where i^B the piston placed ) How is it worked 1 Will this pump raise the water to 



any height '' 
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the same time, by reason of the 
vacuum produced below the pis- 
ton, it will rise through the valve, 
F, by the tube, H, leading to the 
reservoir below. "When the pis- 
ton is made to descend, the valves 
D and F will be instantly closed, 
and C and E opened, the water 
being forced through C by the pis- 
ton, and drawn through E by at- 
mospheric pressure. Pumps of 
this construction are used at the 
Fairmount water- works near Phil- 
adelphia, by which that city is sup- 
plied with water. They are 
worked by water-power. 
248. Hiero's Fountain. — In the piece of 
apparatus, called Hierd s fountain, a jet of 
water is produced by means of the pres- 
sure of a column of water acting,0n the 
air in an air-vessel. It is formed ©f two 
vessels, A and B, which we will suppose 
made of glass, connected together by 
the tubes C and D, which pass air-tight 
through brass caps cemented upon the 
necks of the globular glass vessels. The 
tube, C, passes from the upper part of the 
vessel, A, to the upper part of B ; while 
the tube, D, connects the basin, E, with 
the lower part of the vessel B. T® use 
the apparatus, the small jet-pipe, E, is first 
removed, and the vessel, A, nearly filled 
with water ; then the jet-pipe is replaced, 
and more water pAii-ed into the basin at 
the top, which passes at once by the tube, 
D, into the lower vessel, B. But, as soon 
liien's FuuntaiZ as the Water rises in the vessel, B, above 




QrESTloN 248. How is the piece of apparatus called Hiero's fountain formed ? 
wKat means is the air compressed in the upper vessel so as to produce the jet 1 
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the lower end of the tube. D, there being no passage for 
the air to escape, it will be condensed by the rise of 
the water in B, into the upper part of both vessels, the 
tube, C, forming a communication between them. By 
opening now a faucet, E, seen above the water in the 
basin, a beautiful jet d' eau is produced by the water issu- 
ing from the upper vessel through the central tube. 

249. The Syphon.— This fa- 
miliar hydraulic instrument, in 
its simplest form, consists of a 
bent tube, ABC, having one of 
its branches longer than the 
other. If this tube be filled with 
water, and then closed by the 
finger to prevent its escape until 
the shorter branch can be im- 
^, „ ^ mersed in a vessel of water, and 

The Syphon. , t j ■ iU c 

held as represented m the figure, 
on the removal of the finger, the liquid will immediately 
commence running, and will continue to flow until the 
vessel is exhausted. It will serve the same purpose if the 
bent tube is first immersed in the water, and the air then 
exhausted from it by applying the mouth at C. 

250. To cause the flow of the water in the syphon, it 
is essential that one branch of the tube should be longer 
than the other ; and the motion is toward the longer 
branch. The water flows out of the longer branch in 
consequence of its weight ; but as a vacuum would thus 
be produced in the upper part of the tube, the water from 
the vessel rises in it by atmospheric pressure, as in the 
suction-pump. If the longer leg were immersed in the 
water instead of the shorter one, and then filled by ex- 
hausting the air by the mouth, the liquid would immedi- 
ately flow back intff the vessel. The length of the 
branch immersed in the vessel is always to be measured 
from the surface of the water, D E. That the atmos- 



QnESTiON249. Of what does t)ie syphon consist 1 How is the tube to be filled at 
first? 250. Must one branch of the tube always be longer than the other? In what di- 
rection does the water /low ? How is it shown that the pressure of the atmosphere is 
necessary to cause the water to flow through tile syphon? Why may not large sv 
phons be used with advantage for practical purposes? 
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pheric pressure is concerned in the operation of the 
syphon is sho-«rn from the fact that it entirely fails to act 
in a vacuum ; and also from the further fact that in the 
open air, water refuses to pass a syphon-tube, the shorter 
leg of which exceeds 34 feet. 

Large syphon-tubes have been used for practical pur- 
poses, for raising water many feet over obstacles that it 
would be difficult to remove ; but the air which is always 
carried in with the water, being set free by the dimin- 
ished pressure, rises to the highest part of the tube, and 
after a few hours accumulates so as to prevent the pas- 
sage of the water. They are hence little used in 
practice. 

251. The' manner in which the sy- 
phon acts is well illustrated when it is 
constructed with an air-vessel, as 
shown in the figure, which is a section 
of the syphon-fountain. B is an air- 
vessel, supported by a pillar of wood, 
E, and having two tubes, A and C con- 
nected with it, of which the first. A, 
may be considered the shorter branch 
of the syphon, and C, the longer. A 
is a vessel of water supported by a shelf; 
and D, a second vessel to receive it 
after being discharged from the instru- 
ment. To use the instrument, the air- 
vessel, B, with the tubes attached, is to 
be removed from its support, inverted, 
and the plug, in which the tubes are 
inserted, unscrewed. The air-vessel is 
then to be filled about a third full of water, the plug with 
the tubes screwed into its place, and the whole restored 
to the proper position upon the stand E ; and immedi- 
ately the water will begin to escape from B, by the tube, 
C, producing a vacuum within it, into which the fluid rises 
from the vessel, A, by atmospheric pressure. If the tube, 
C, is made considerably longer than A, wi th a bore also 




Syphon Fountain. 



Question 251. How is the syphon-fountain constnjctedl 
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some larger, the jet of water on entering the air-vessel 
may easily be made to rise to a considerable height. 

252. It is to be observed that the syphon must always 
be first filled with water before the current will flow, 
which may be done either by filling it with the two ends 
held upward and then suddenly changing it to its proper 
position, or by first placing it in this position and then 
exhausting it with the mouth or by means of an air-pump. 
The same effect obviously will be produced if the syphon 
is so placed with reference to the reservoir of water, that 
the fluid may rise around the shorter branch so as to fill 
it quite to the highest point ; the water will then begin 
to be discharged through the longer branch, and will after- 
ward continue to flow, even through the surface of the 
water in the reservoir may fall./ 

,^:xJi53. The philosophical toy called Tan- 
talus'-cup is constructed on this principle. 
It consists of a cup, with a syphon, C B A, 
in it, the short leg of which, C B, com- 
mences near the bottom in the inside ; and 
the longer leg, B A, passes down through 
the bottom. Now, when water is poured 
in, it will rise in the shorter leg until it 
attains the highest point, B, in the syphon, 
when it will be discharged through the 
nntaius'-a^. longer leg, and continue to flow until the 
surface is reduced to C. A small image 
of a man, supposed to represent the fabled Tantalus, (see 
Article Tantalus, in Anthons Classical Dictionary) is 
often placed over the syphon, so as entirely to conceal it ; 
and, when water is poured into the vessel gradually, it 
rises until it nearly reaches the lips of the image, and 
then immediately subsides, without any cause visible 
to the eye of the spectator. Sometimes the syphon is 
concealed in the handle of the vessel, but the effect is the 
same. 

254. Intermittent Springs. — The phenomena of many 

Question 252. Wliat will be the effect if the water is marleto rise around the shorter 
leg of the syphon until it reaches the highest parr of the tube ? 253. How is the toy 
called Tanfalue^'Cup constructed 7 What is the effect when water is poured gradually 
into the vessel so as to raise the surface nearly to the month of the image ? 
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intermittent springs may be explained on the principle of 
the syphon. Some of these springs ebb and flow alter- 
nately, and others have a periodical swell ; a much greater 
quantity of water being discharged at one time than at 
another, the changes taking place at regular intervals. 

255. Common springs are evidently merely the outlets 
of natural reservoirs of water which exist in every part f)i 
the earth, and are filled by the water which falls upon the 
surface in rain and snow, and gradually percolates through 
the soil. When these reservoirs are near the surface, the 
supply of water sometimes ceases during long-continued 
droughts, and the springs of course become dry ; but 
they are often situated so deep in the hills that no tem- 
porary cause of this kind can affect them, and they con- 
tinue to flow at all times alike. 

But, if the aperture or channel through which the 
water of the reservoir discharges itself, in some part of 
its course rises considerably above the bottom of the res- 
ervoir, a natural syphon may be formed, which will cause 
the spring constituting its outlet to exhibit an intermit- 
tent character. 

Let A F be a section of 
part of a mountain con- 
taining a cavern, C, deeply- 
seated in it, and having an 
aperture or channel, D E 
F, leading from it to the 
valley or plain at its base. 
The water which falls in 
rain and snow upon the 
Intermittent Springs. mountain, in pcrcolating 

through the soil, will find 
its way by natural fissures, as m n, to the cavern within, 
and gradually fill it, until the surface rises to the level a, a, 
of the highest point, E, in the aperture leading from it 
A dischauge will then take place from the spring, which 

Q.UESTION 254. What are intermittent springsJ 255. Whaf are common springs? 
Why do these springs sometimes fail ? Why do some springs appear to disctiarg* 
very nearly the same quantity of water uninfluenced by tne weather ? How may 4 
natural syphon be formed in the passage leading from the reservoir 1 Why in sucll 
a case would (he water cease to flow at certain regulai%otervaIs ? 
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if the channel is sufRciently large, may be so rapid as 
gradually to reduce the quantity of water in the cavern, 
though the supply is continued ; but, when the surface 
has fallen to the level, b b, the air from the cavern, C, will 
find admission into the passage, and the discharge of 
water will cease until the reservoir is again filled to the 
horizontal level, a a, as before. When this takes place, 
the passage will again be filled, and the spring again com- 
mence flowing. 

If the part of the channel, E F, is of considerable length, 
water may drain directly into it from the soil in sufficient 
quantity to cause a small discharge of water from the 
spring while the cavern is filling, so that the flow may 
never entirely cease. - : _ 

256. The Hydraulic Ram. — The hydraulic ram is an 
instrument for raising water by means of its own momen- 




Eydraulic Ram. 



tum ; or rather, a column of water by means of its mo- 
mentum is made to raise or pump up a part of itself to a 
higher level. 

It consists of a main pipe, C A, leading from the reser- 

Question 256. Describe the hydraulic ram. 
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voir, and having at its lower extremity, A, which is turned 
upward, a valve opening downward and of course remain-_ 
Ing open when not in use ; an air-vessel, B, with a valve 
opening upward which connects it with the main tube ; 
and a delivering pipe, D, by which the water is discharged 
at the necessary height. 

Now suppose the water to be let mto the main pipe 
from the reservoir, the valve at A being open, the water 
will flow freely through it until the current becomes so 
strong as to lift and therefore close it. The current 
being then suddenly checked, the momentum of the col- 
umn of water in the tube will cause a portion of it to be 
forced up through the valve into the air-vessel B. If now 
the valve at A should keep its place there would be no 
more action of the instrument, but it is made so heavy 
that it falls as soon as the current ceases to ilow, but is 
again raised when the water commences to run freely. 
When the current is again checked, a portion of water 
is forced into the air-vessel as before ; and thus the 
action continues until at length the water begins to 
flow in a continuous stream from the delivering pipe D. 
The instrument once put in operation continues to run 
without further attention until some part of it gives way. 
It has been estimated that for every foot of fall in the 
main pipe, it will raise one-sixth of the water passing 
through it to the height of ten feet. 

The hydraulic ram has (»f late been much used for prac- 
tical purposes in the northern states. 

257. The Diving-Bell. — This is an instrument ta ena- 
ble persons to descend with safety beneath the surface of 
water. Though persons may with impunity descend un- 
protected a considerable depth in water, it is well known 
they can remain but a short time before they are obliged 
to come again to the surface to receive a supply of fresh 
air. The longest period a person without much experi- 
ence may remain under water with safety, is said to be 
only about half a minute ; but, by long practice and pain- 
ful exertion, one may at length become so accustomed to 
the effort as to be able to endure the deprivation of air it 

Question 207. What is the design of the (?mng--Se« ? Can persons unassisted re- 
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requires for two minutes. A few instances are on record, 
in wiiicli some of the pearl-fishers of the island of Ceylon 
have remained beneath the water four, five, or even six 
minutes ; but such cases are exceedingly rare. But even 
this period is evidently too short for a person to perform 
any important operation about a sunken vi'reck, or in 
preparing to raise large articles that may be lying upon 
the bottom. 

258. By the assistance of the diving-bell, persons are 
enabled to descend to great depths, and remain a con- 
siderable time. The diving-bell, in its simple form, is 
merely a large and strong vessel in the shape of an ordi- 
nary bell or receiver. It is usually made of metal ; and 
if constructed of wood, it must be loaded with weights to 
cause it to sink. 

When a descent is to be 
made, the person places him- 
self inside, as represented in 
the figure, (in which the bell is 
supposed to be transparent,) 
on a seat prepared for the pur- 
pose, and the attendants let 
the apparatus down in the 
water by means of a rope. As 
it descends, the air is con- 
densed in the upper part by 
the pressure of the water ; but 
a person within, it is found, 
experiences little if any incon- 
venience. When the bell 
nearly reaches the bottom, a signal is given by the per- 
son within to the attendants above by means of lines 
passing out under the edge, and the whole is retained in 
a fixed position, while exploration is made of the bottom 
within the circle of vision beneath. When it becomes 
necessary, the apparatus is drawn up, and its position 
changed. It is generally let down from on board a ship. 

main for any considerable time under water ? What is the longest period an inexperi- 
enced persoi] can remain under water with safety ! 258. What is the form of the div- 
ing-bell ! What is it usually made of! Where does the person who is about to 
deecend place himself 1 How are the persons within enabled to give signals to their at- 
tendants above the water '/ What elTect is produced on the air in the be!I as it descends 
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A.S will naturally be supposed, a person can not remain 
a very great length of time below the surface, even in a 
diving-bell, by reason of the contamination of the small 
portion of air within by his breath. The vital principle 
of the air is rapidly absorbed by respiration ; and if no 
new supply of air is obtained, the person will in time as 
surely die in the diving-bell as if he was plunged directly 
into the water. To obviate this difficulty, an air-pump 
has sometimes been used, with a long pipe extending from 
it, by which fresh air from the surface may be forced 
down under the bell. Various contrivances have also 
been proposed at different times by which persons may 
be enabled to leave the chamber of the bell for a time to 
search the bottom in its vicinity. 

By the use of the diving-bell, and apparatus connected 
\vith it, much valuable property that had been sunk in the 
sea has been recovered, which would otherwise have 
been totally lost. 

L 259. Bellows. — The various kinds of bellows in use are 
properly air-pumps for forcing this element in some par- 
ticular direction or place. The common hand-bellows 
consists of two boards which are connected at their edges 
by pieces of leather carefully nailed all around, except a 
small space where the upper board is attached to the 
IcHver by a hinge ; and from the same point a small tube 
proceeds called the nozle. In the lower board is a hole 
covered by a piece of thick leather, which constitutes a 
valve. Now, when the upper board is raised, a vacuum 
is produced within, and the air rushes in through the 
valve in the lower board ; and when the two boards are 
again pressed together, a strong current is forced out 
through the nozle, as every one has seen. 

In the'case of the bellows described above, the current 
of air from the nozle is of course suspended every time 
the boards are drawn apart ; but a continuous blast may 
be produced by introducing a third board with a valve 
between the two boards of the above bellows, the leather 



QuBSTloN 239. How ie the common hand-bellows constructed 1 How does the air 
enter when the instrument is opened ? What is the effect produced when the i)oarda 
are pressed together 'f How may the bellows be constructed so as to produce a con 
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being nailed to the edges of the three boards. This con 
stitutes the double or forge-bellows. It is in fact a double 
instrument. When the lower board is raised, the air 
within the lower bellows is forced into the upper through 
the valve in the middle board, and from this it is forced out 
in a continuous current by weights placed on the upper 
board. This bellows may be seen in constant use in 
every blacksmith's shop ; occasionally, though rarely, the 
form is modified, but the principle of action is always 
the same. 

Within a few 
years past, the 
simple fan used 
in the common 
v^^innowing, ma- 
chine, so well 
known among 
farmers, has to a 
considerable ex- 
tent superseded 
the bellows. A B D is a side-view of the instrument as 
generally used. It consists of a cylindrical box, usually 
not more than 3 or 4 feet in diameter, and from 1 to 2 
feet in the other dimension. At C, is a circular aperture, 
from 8 to 12 inches in diameter, showing within the box 
a portion of the four fans and the end of the axis to which 
they are attached. E is a side-view of the fans attached 
to the axis removed from the box. Now, suppose the 
fans in their place in the cylindrical box are made to 
revolve rapidly in the direction indicated by the arrow 
3t E, a strong current of air will be made to pass out 
through the aperture or tube, A D, a corresponding cur- 
f-ent at the same time passing in at C. 

This instrument is now extensively used on board of 
steamboats that use anthracite coal for blowing their fires, 
and also in iron and other furnaces. In the common 
winnowing mill, as already remarked, it has long been 
employed. 

tiniTous current ? What instrument is now used to a ponsiderable extent as a substi- 
tute for the bellows 1 What does it consist of 7 How is the current of air produced ? 
What use is made of it on board of steamboats that burn anthracite coal ? 
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Bodies weighed in Air. 



f 260. Weight of Bodies in Air. — 
The weight of bodies in air is dimin- 
ished in the same manner as when 
they are immersed in water,/ (171,) 
though the loss is not so great in con- 
sequence of the lightness of air. 
Light and bulky substances, therefore, 
lose much more in proportion than 
compact heavy ones.' This is easily 
shown by means of a delicate balance. 
Let A be a hollow sphere of brass, 
which is just balanced by a solid 
sphere of lead, B, when in the open 
air ; then placing them thus balanced 
under a large receiver, exhaust the 
air by means of the air-pump, and the 
larger body, A, will be seen to pre- 
ponderate, i The effect will be the same, if, instead of the 
hollow sphere, A, a piece of dry sponge, or a bunch of 
cotton or feathers, closely tied, be used. The reason is, 
that the larger body, displacing more air than the smaller, 
is sustained more by it than the smaller, and conse- 
quently it must be really heavier '^ftrder that an equi- 
poise may be produced in the air ; and when the air is 
removed, the heavier body, being no longer supported, 
will of course preponderate. From this it will be seen, 
the common method of weighing is not perfectly accurate, 
as it must always require more of light and bulky arti- 
cles, as wool, feathers, &c., to make a pound, than it 
does of heavy substances, as the metals. . A pound of 
feathers or cotton, therefore, as ordinarily weighed, must 
always be heavier than a pound of lead.1 In order that 
the pound of the two substances should be perfectly equal, 
it would be necessary that they should be weighed in a 
vacuum. 

261. Balloons. — «The balloon, or, as it is sometimes 
called, the air-balloon, is a kind of vessel designed for 

ftuESTioN 260. Do bodies weigh less in the air than they would in a vacuum ? Do 
comparatively light or heavy bodies lose most in proportion when weighed in the air? 
How may this be shown by experiment ? As ordinarily weighed, is the pound of cot- 
ton or feathers, or the pound oflead, heaviest 1 261. What is the design of the balloon/ 
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navigating the air. ^- We have just seen that bodies in the 
air, by reason of its sustaining power, lose a part of their 
weight ; and it is evident that, if a body of sufficient bulk 
in proportion to its weight could te obtained, it would 
rise in the air above the surface of the earth in the same 
manner as a piece of wood or other light substance v,'i]| 
^'ise in water when held at a distance beneath the sur- 
face. But, unlike the piece of wood in water, a body of 
tliis kind could not rise and float upon the surface of the 
air because of its diminished density at great heights. 

I The method first adopted for constructing balloons was 
to obtain large vessels from which the air might be ex- 
hausted, and thus their weight diminished, while the bulk 
remained the same.! Jt was supposed by the early experi- 
menters that hollow spheres of copper might be made 
sufficiently light for this purpose ; but it has been found 
by trial that vessels made in this manner must necessa- 
rily be so weak as to be crushed inward by the great 
pressure from without, as soon as the air within is ex- 
hifiusted. f 

\ The first ascent in a balloon was made by an individ- 
ual in Paris in the y^^ar 1783, who rose to^he height of 
3000 feet, and descended again in safety.' iThe machine 
which he used consisted of an immense elliptical bag, 74 
feet long, and 48 feet in diameter, filled with heated air, 
to which was attached a kind of basket, made of wire, to 
contain the aeronaut. Under an 
aperture at the bottom of the bag an 
iron grate was suspended containing 
burning fuel to maintain the rare- 
faction. 

Small balloons made of paper may 
be easily caused to ascend to a con- 
siderable height by means of the rare- 
faction produced by burning alcohol. 
Let A be a spherical bag, 4 feet in 
diameter, made of tissue-paper, and 

What is necessary in order tlia't a body maybe made to rise in the air 7 What was the 
meLtiod first adopted for constructing balloons ? Can hollow spheres of metal be made 
so as to be at the same time sufficiently strong to resist the external pressure when ex- 
hausted, and sufficiently light for the purpose of a balloon 7 When was the first asceu* 
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having a circular opening at the lower side, B, 8 or 10 
inches in diameter. In the centre of this opening, a piece 
of sponge, saturated with alcohol, is then to be attached 
by means of smafevires, and the alcohol inflamed. As 
the air is heated by*&ie flame, it expands and rises in the 
balloon, inflating it ; and, when a suflicient quantity has 
accumulated, causing it to ascend in the air. When the 
alcohol is consumed, the air within the balloon is soon 
cooled, and it again descends to the surface. 

The cause of the ascent of such a machine is easily 
understood. Air, when heated, as just intimated, is 
greatly expanded, so that a given bulk is much lighter 
than when cold ; consequently, the balloon, with the 
sponge and alcohol, when filled with heated air, is hghter 
than the same bulk or volume of the surrounding cold 
air, and therefore rises through it. 

262. Large balloons, designed to ascend any consider- 
able distance above the surface, are now usually made o( 
oiled silk, and inflated with hydrogen gas, which is admi- 
rably adapted for this purpose, being 

^ about 14 times lighter than air. It is 

indeed the lightest substance known 
i in nature. (For mode of preparing 
■» I it, ^c, see Author's larger Chemis- 

try, page 150.) 

The balloon is made in a spherical 
form of oiled silk, and to it the car, 
made as light as possible, is attached 
by numerous cords drawn over it, in 
order that the weight may be uni- 
formly sustained by every part. The 
figure in the margin represents a bal- 
loon inflated, with the car attached to it. 
A B is the balloon, with the net-work 
drawn over it to sustain the car ; C, the car ; and P D, 
the parachute, resembling a large umbrella. This last 
appendage makes no necessary part of the machine, but 




Bailoon and Car. 



made in a balloon 1 How was the balloon used on the occasion constructed? Ho- / 
may small balloons of paper easily be made to ascend 1 What will be the eflFect whe-* 
ttie alcohol is consumed? Why is air when heated lighter than when cold 7 26" , 
What are large balloons now usually made oft With what are they inflated 1 Wi. ' 

15* 
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is usually added in order to prevent a too rapid descent 
of the car, should it by any accident, as sometimes hap- 
pens, become detached from the balloon, or should any 
accident happen to the balloon itse ^. ' In one instance, 
the balloon being detached 'from the car at the height of 
8000 feet, the aeronaut, by .means of his parachute, de- 
scended in safety. '^ 

As the atmosphere diminishes in density above the sur- 
face, it is evident that a balloon which has considerable 
buoyancy near the surface, if its volume remains the 
same, will be capable of rising comparatively only a short 
distance ; but, as the density of 'the atmosphere dimin- 
ishes, the pressure diminishes also ; and, as a necessary 
consequence, as the balloon rises, the gas within it ex- 
pands. To prevent danger from the bursting of the bal- 
loon by this expansion, it is not fully inflated at first, but 
gradually becomes so as it ascends. A valve opening 
outward is also placed in the top to allow the gas to 
escape if the internal pressure becomes too great. 

263. The greatest height to which balloons have been 
made to ascend does not exceed that of the highest moun- 
tains, or something less than 5 miles. At elevations 
much less than this, great cold is always experienced; 
and the effects of the diminished pressure upon the aero- 
naut becomes apparent by the quickening of the pulse, 
and parching of the throat and swelling of the head. 

Birds let fall from great heights, it is said, at first de- 
scend almost perpendicularly, their wings not being capa- 
ble of sustaining them in a highly rarefied atmosphere. 

264. The impossibility of guiding balloons has as yet 
prevented them from being made of any practical use ; 
they can be made to move only before the wind, which 
does not always blow in the same direction, even at slight 
elevations above the surface, as it does at the surface. 
Hence, if the aeronaut delays until the wind at the sur- 
face is in the proper direction to make a desired passage, 

is this substance selected 1 How much ligliter is it than air 1 Of wliat form is tlie bal 
joon made ? How is tile car attached to it ? What is the parachute ? Wllat is its de- 
sign % Have persons descended in safety from great heights by means of the parachute 
alone! 2G4. What has prevented balloons from being made of any practical usel 
Does the wind always blow in the same direction above the surface, as 't Isesal the 
Eiurface ? 
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on ascending a little he may find it blowing toward a 
different point, so as to drive him far from his expected 
course. Individuals have, however, several times crossed 
the channel betweenlfcigland and Prance, but not with-" 
out exposing themselWs to great danger. 

265. Attempts were made under Napoleon to render 
ballootis useful in military operations, by enabling a sen- 
tinel to view the position and movements of the hostile 
army from an elevated position. When used for this 
purpose, the balloon was inflated and secured to the 
ground by a rope at such an elevation as was desired, 
and signals made by the observer to the officers below. 
At the battle of Fleury, a French general ascended in this 
manner to the height of nearly 1500 feet ; and it has been 
said that the information he was able to communicate to 
his commanding officer, general Jourdan, by means oi 
signals, decided the fate of the contest. 

266. Instead of hydrogen, the gas prepared from bitu- 
minous coal, or from resinous or oily substances, and used 
for illuminating purposes in most large cities, is now often 
used for inflating balloons, in consequence of its cheap- 
ness. Though much lighter than air, it is considerably 
heavier than hydrogen ; and balloons in which it is to be 
used, in order to ascend with the same force, must be 
■made larger than those designed for hydrogen gas. {For 
method of calculating the buoyancy of a balloon, see Author's 
larger Chemistry, page 154.) 



THESTEAM ENGINE. 

"^ i 

267. The steam-engine is a machine for producing mo- 
tion by the elastic tbrce of steam from boiling water. 
Though it is an instrument of great power, its invention 
is comparatively very recent ; indeed, it has only been 
brought to a state of perfection (if so much can even 
now be said of it) within the last few years. 

Water boils, or is converted into steam, as is well 

Question 267. What is (he steam-cvgmel At what temperature rloes water boill 
How many t.mes .s the bulk of water expanded in changing into steam 1 How may 
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known, whenever it is heated to 212° 
of Fahrenheit's thermometer ; and the 
steam formed from any given quantity 
of water occupie0696 times as much 
space as the watefTtself. Consequently, 
if a vessel capable of being closed air- 
tight be partly filled with water, and 
heat applied so as to convert a por- 
tion of it into steam, it will fill the 
whole vessel, and unless it is very 
strong, will burst it. If a small ori- 
fice is made above the surface of the 
water within, a jet of steam will issue 
from it with great force. If to this 
orifice a cylindrical tube is attached, 
containing a solid piston and rod, the 
piston will be forced out before the 
steam, carrying with it whatever may 
be attached to the rod. This may be 
illustrated by the accompanying figure, 
A B C is a large glass flask or mattrass, 
having a long cylindrical neck, B C, oi 
as equal a diameter in every part of its 
length as possible. The bulb or body 
of the vessel. A, is to be partly filled with water, and the 
piston, P, inserted by means of the rod and handle at- 
tached to it. If now a lamp is placed under A, the water 
will soon be made to boil, and sufficient steam be formed 
to force up the piston quite to' the top of the tube. But, 
if the lamp is removed, no more steam will be formed ; 
and that within will soon begin to be condensed into 
water by the cold air surrounding the outside of the ves- 
sel, producing a vacuum, and leaving the piston to be 
forced down again by the pressure of the atmosphere. 
If a little cold water is sprinkled upon the bulb, A, above 
the water, the steam will be condensed much sooner, and 




steam. 



steam be made to issue from a vessel with great force 1 If a straight tube containing a 
solid piston is connected with the vessel of boiling water, what will be the effect? How 
is this illustrated by the figure? What will be the effect if the lamp is removed? 
What will be the efft-cl of sprinkling a little cold water upon the vessel above the surface 
of the water? How may Inepihtoii be made to r.st again 1 
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the piston of course descend more rapidly. By applying 
the lamp again, the piston may of course be forced up as 
before. 

268. In order to understand this fully, it is necessary 
only to observe that, as water is converted into steam by 
raising its temperature to 212 degrees, so, if steam already 
formed has its temperature reduced belowr this point, it 
will be again converted into water ; and if, in the first 
instance, its volume was increased 1696 times, so also in 
the second it must be diminished in the same ratio. 

In this simple apparatus, A may be considered the 
boiler, and the tube, B C, the cylinder, as these terms are 
used in reference to the steam-engine. 

It is very evident that an engine constructed after this 
model would accomphsh but little, as its motion must ne- 
cessarily be slow, the piston being urged in one direction 
only by the steam, and in the other direction by atmos- 
pheric pressure. In the steam-engine, as now used, the 
steam is let into the cylinder on both sides of the pistuii, 
its action being entirely independent of atmospheiio 
pressure. 

269. The High-Pressure Engine. — There are two 
kinds of the steam-engine, the high-pressure engine, as it 
is called, and the low-pressure engine. We will first give 
an explanation of the essential parts of the former, or 
high-pressure engine. As the machine, with all its appen- 
dages, is necessarily very complex, we shall find it for 
our advantage to confine our attention exclusively to the 
parts necessary to produce motion, arranged not as they 
are found in working engines, but in such a manner that 
they can be conveniently represented on paper. The 
figure on the next page is designed to represent a section 
of a boiler and cylinder, with its piston, steam-pipes, and 
valves. B is a section of the boiler partly filled with 
water ; A D the cylinder ; Q the piston ; R, the piston rod 
which plays through a collar so as to be steam-tight. 
A steam-pipe, S, passes from the upper pai-t of the boiler, 

QtjESTioN 268. What effect is produced upon steam if cooled below 212° 1 Wliat 
part of the apparatus, figured in paragraph 269, may Ije considered the boiler, and what 
the cylinder i Would an engine constructed after the above model be effective ? 269. 
What two kinds of tiie steam-engine are tliere? In the figure, what is the boiler, 
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and branching into two parts, connects witii the cylinder 
at the top and bottom. Another pipe is placed on the 
opposite side of the cylinder, connecting also with it at 
the top and bottom, called the escape-pipe, having an 
opening at T. M N O and P are valves which, for our 
purpose, we will suppose to be opened and shut by the 
hand, as occasion may require. C is a safety-valve, 
which is kept closed by a weight attached to the lever. 
It is designed to prevent danger by the bursting of the 
boiler from a too great accumulation of steam within. 
When the pressure has increased to a certain point, this 
valve is lifted by it, and the steam makes its escape. 




High-PTessure Engine. 

270. Now, suppose the fire to be kindled under the 
boiler, and the space above the water filled with steam, 
which will find its way along the steam-pipe to the valves 
M and N ; if the valves N and O are now opened sim- 
ultaneously, the steam will rush into the lower part of the 
cylinder, and by its elastic force raise the piston, at the 

and what the cylinder and piston % How are the boiler and cylinder connected? Why 
does this pipe branch into two psfrts ? What is the escape-pipe^ What is the design 
of the safety-valve 7 270. Supposing the steam to be raised, how may the piston be 
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saine time driving out the air above it through the valve, 
O, and aper'ure T. When the piston has reached the 
top of the cylinder, the valves N and O are to be closed, 
and M and P at the same time opened ; the steam from 
the boiler will then pass into the cylinder above the pis- 
ton, forcing it down, that below it escaping by the valve, 
P, and aperture, T, as before. To cause the piston again 
to ascend, the vafves M and P are to be closed, and N 
and O at the same time opened ; thus, a reciprocating 
motion of the piston is produced through the length of 
the cylinder, by opening and closing two valves at each 
stroke. The force with which the piston will move will 
depend upon the amount of pressure of the steam upon a 
square inch, and upon the diameter of the cylinder. 

We have here supposed the valves to be opened and 
closed by hand — and this was the method actually 
adopted in the first steam-engines — but it is now accom- 
plished by the action of the machinery itself 

271. It will be observed, too, that the escape-pipe 
opens directly into the air, so that the steam, after having 
produced its etfect, is forced out at T, against the pres- 
sure of the atmosphere. Consequently, the pressure of 
the steam in the boiler, in order to move the piston, must 
be more than equivalent to the ordinary atmospheric pres- 
sure; hence, an engine of this construction is called a Ai^A- 
pressure engine, in contradistinction from the low-pressure 
engine, in which the escape-pipe opens into a vessel of cold 
water called the condenser, as will shortly be described. 
"^272. The Low-Pressure Engine. — The next figure is a 
section of the cyhnder, condenser, air-pump, &c., of a 
low-pressure steam-engine. All the parts immediately 
connected with the cylinder are precisely the same as in 
the high-pressure engine; but the escape-pipe at T, 
instead of opening into the air, enters a large cistern, 1, 
2, 3, 4, which is kept filled with cold water. G H is an 

forced up to the upper part of the cylinder? How may it be again forced downl 
What now is necessjiry to give the piston a constant reciprocating motion 1 Are the 
valves always opened and closed by hand ^ 271. Into what does the steam escape in 
this engine 1 Must the pressure of the steam in the boiler, therefore, be always greater 
Ihan the ordinary pressure of the atmosphere 1 Into what does the steam escape in the 
\jw-pressu7-e engine 1 What is the essential diflTerencd between the high and low pres- 
sure eiis'ne 1 272. Are tht boiler, cylinder, piston, <fcc., the same in both the high and 
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air-pump, connected with the escape-pipe by a large tube 
and valve. At V is a short tube with a faucet by which 
water is admitted from the cistern to condense the steam 
as it enters from the escape-pipe, T. As a vacuum is 
always kept up in the condenser by the air-pump, the 
cold water will of course rush in by atmospheric pres- 
sure. 




ItOw-Pressure Engine. 



273. It will now be easy to understand the construc- 
tion and the mode of action of this engine, and in what 
it differs from the high-pressure engine. The air-pump 
is worked (by the engine itself,-) it is called an air-pump 
because the" design of[it is to keep up a vacuum in the 
condenser by exhausting the air at first contained in iy 
and any that may enter with the steam or with the water 
from the injection-pipe V. It also removes the water 
that enters by the injection-pipe, which is allowed to 
escape by the pipe at G. 

274. There are in the perfect engine several othei 

low pressure engines ? 273. What is the use of the air-pump in this engine 1 How ia 
the water made to enter the condenser 7 How ia the air-pump worlced ? How is tlie 
water removed from the condenser 't 21^4, What is the use of the cold-water pump 1 
What is the use of the hot-water pump ? Are the parts of the engine described always 
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parts not here represented, as a cold-water pump.tp keep 
the cistern 1, 2, 3, 4, constantly supplied") and also a 
hot-water pump, which (jakes a portion of the water that 
has passed through the condenser, and forces it into the 
boilei9 in which the water must be kept at nearly a uni- 
form height. These parts, as well as those represented 
in the figure, though always performing the same office, 
are often variously constructed and differently situated, 
as convenience in particular cases or caprice may dictate. 

275. The manner in which a rotary motion is commu- 
nicated to a wheel by the reciprocating motion of the 
piston-rod, may be readily conceived by noticing the 
common itinerant knife-grinder turning his grindstone by 
means of a treadle and crank. Putting the stone first in 
the proper position by the hand, by a downward motion 
of the treadle and crank, it begins to revolve; and as 
soon as the crank has reached its lowest point, by lifting 
the foot, the revolving motion is continued by the mere 
momentum of the parts until half a revolution is made, 
and the crank is again in the proper position for a new 
impulse to be given it by a second downward motion of 
the treadle, as before. By properly managing the mo- 
tions of the foot, a great velocity may be given to the 
stone, even though considerable resistance is to be over- 
come. 

In the case of the knife-grinder, the foot, the propelling 
power, can have but a single downward motion, and can 
act only through half a revolution of the stone ; but if, 
instead of the foot, a rod is used, attached by a hinge- 
joint to the piston-rod of a steam-engine, an impulse can be 
given both upward and downward, by which a much 
greater resistance can be overcome, and steadiness of 
motion secured. There must, however, always be two 
points, called the dead-points, by which the revolutions 
must be continued by the momentum of the machinery. 
To insure steadiness of motion in every part of a revolu- 

constructed in the same manner? 275. How is the rotary motion produced by means 
at the engine whicti gives directly only a reciprocating motion ? How does the knife- 
(rrinder turn his grindstone by means of a treadlef In the case of the knife-grmder, 
does the propelling power act in more than one direction? In the steam-engine, in 
what direction is the impulse given 1 What is liieuse oflhijly-wheen 

16 
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tion of the crank, a large heavy wheel, called a, fly -wheel, 

s often attached, especially in small engines, in which 

the parts of the engine itself have but a small 

A momentum. 

I 276. The Rotary Steam Engine, which has 

been some used, is propelled by the reaction 

of currents of steam issuing from a wheel, in 

the same manner as the water in the reaction 

water wheel already (204) described. 

Rockets are propelled through the air by 
means of a current of heated gas issuing in 
this manner from a tube. A kind of gun- 
powder (if it is proper so to call it) is made, 
that burns much slower than that usually 
J seen ; and a tube of strong paper is filled with 
it, and one end inflamed ; and the rocket 
shoots rapidly into the air by means of the 
current of heated gas. that is produced and 
rushes out from the tube. A long slender 
stick is usually attached to it, to direct it in 
„ , , its course. 

Rocket. 
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277. Meteorology is a branch of science which treats of 
the various phenomena of the atmosphere, as heat, cold, 
rain, snow, hail, clouds, winds, &c. The temperature of 
the atmosphere (is exceedingly different" in different parts, 
even though in the immediate vicinity of each other. 
As a general rule, admitting of few exceptions, the strata 
nearest the earth are warmest ; and, as we ascend, a 
gradual reduction of temperature is observed to the high- 
est point that has been attained by man. The reason of 
this probably is, in part, because the air receives its heat 
chiefly if not wholly from the earth}^ the rays from the 
sun pass through it, as they do through glass or other 

Question 277. What is meteorology 7 Is the temperature of the atmosphere the same 
in every part 7 From what does the air chiefly receive its heat 1 Do tne rays of hea^ 
(Vom the sun generally pass through transparent bodies without heating them |(/.Wiien 
tile air near the surface becomes heated, will it always rise and give place to sjprirouiid 
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transparent media, without affecting its temperature ; 
but, being received and absorbed by the earth, a portion 
is again imparted to the atmosphere, of course heating its 
, lower strata first. Another cause is found in the fact, 
that, as any portion of air ascends above the surface, a 
great expansion takes place by reason of the diminished 
pressure to which it is subject ; and this it is well known 
is always attended by a reduction of temperature. As 
the strata near the earth are warmer than those above, 
it might be expected that they would rise and give place 
to the colder portions, according to the general law of 
fluids in such cases* — and this to a certain extent un- 
doubtedly does take place — but while the lower strata are 
warmer than those above, they are at the same time 
under greater pressure, and may therefore be more dense. 
If the temperature of the lower strata is raised above a 
certain point, they become so rarefied, notwithstanding 
the greater pressure to which they are subjected, as to 
rise and give place to surrounding colder portions. 

As the cold increases in proportion as we ascend above 
the surface, it is evident that a point may be attained, 
above which, even on the equator, ice and frost will re- 
main during the whole year. This is called the altitude 
of perpetual congelation. This is found by observation 
to be on the equator about 15,600 feet above the level of 
the sea ; at 20 degrees from the equator it takes place at 
the height of a little more than 13,700 feet ; and 45 
degrees from the equator at about 7658 feet ; while at 
the poles, and indeed at some distance from them, ice 
remains during the year upon the surface of the sea. 

But it is often found that difierent strata of air, imme- 
diately adjacent to each other, are at very different tem- 
peratures. Thus, the aeronaut in ascending, often passes 
suddenly from a warm to a vefy cold region, where snow 
and hail are forming; but, on rising higher," it becomes 

Ing colder portions? How does the temperature change as we ascend from thersur- 
faceT What is meant by the altitu'^e of 7ie77Je(waZ con^etoitOK ? What is this altitude 
on the equator? Wliat is it at 20 degrees from the equator? What is it at the distance 
of 45 degrees ? And what at the poles 1 What is often observed by the aeronaut as he 
ascends in his balloon through different strata of the air ? How may the occurrence oi 
the different strata in this manner be accounted for ? 

' Bee Author's larger work on Chemistry, page 20, and small work, page 17. 
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warmer again. This, no doubt, (is occasioned by local 
currents in the atmosphere, by which portions of the air 
of diffei'ent latitudes, andf perhaps distant places, are 
brought into the immediate vicinity of each other. 

278. {Wind is moving airil&nd is occasioned generally, 
it is supjR)sed, by changes of temperaturVjEL3iffereiU.re- 
gions of the atmosphere. When the air in a particular 
district becomes heated above that in surrounding parts, 
(^it rises, and the colder air in the vicinity rushes in to sup 
ply its placef/ This is well illustrated by the phenomena 
attending the kindling of a large fire In the open air in 
calm weather. By passing around the fire, it will be ob- 
served that the wind blows toward it on every side : while 
above it a current sets upward with so much force that 
fragments of the burning materials are often carried up to 
considerable heights. The accidental burning of a build- 
ing in a calm evening sometimes affords an opportunity 
of witnessing these effects in the most striking manner. 
„^ 279. The rise of smoke in a chimney, and the current 
of air produced in the pipe leading from a stove, are de- 
pendent upon the same cause. (The air being heated by 
the fire and expanded, becomes lighter than the surround- 
ing atmosphere, and therefore rises, often with considerable 
force. Before a fire, near the floor, a current will always 
be found setting (toward the fire)to supply the place of 
that which is constantly ascendilig in the chimney. The 
same will be observed of the air in front of a stove ; but 
only a slight current will in this case be discovered,(^since 
the quantity of air that passes up the chimney is much 
less than whea an open fire-place is used) We see, there- 
fore, the reason why the same quantity of fuel will heat 
a room much more when burned in a close stove than 
when an open fire-place is used ; (in the first case no more 
air is allowed to enter the stove and pass up the chimney 
than is necessary for the combustion of the fuel ; but 
when an open fire-place is used, much heated air from 

Question 278. What is wind? How is the motion of the air occasioned 1 What 
effect is produced when the air in a particular district becomes heated above that of 
Burrounding regions? How is this illustrated? 279. What occasions the rise of the 
smoke in achiiuneyand the pipe of a stove? In what direction does the air move 
near the floor before an open fire in a room 1 Is the current as perceptible before a 
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the room escapes Tyith the gases and smoke produced by 
the combustioiy /Of course as much of cold air must 
always enter a room as there is of warm air that escapes ;\ 
and thus a large proportion of the fuel is expended to no 
useful purpose (241.) 

We see here, too, why the chimney of a new close 
room is likely to smoke. In order that a strong current 
may be formed in the chimney, it is evident that a good 
supply of air must be admitted from without ; but, if this 
is prevented by the closeness of the room, the current in 
the chimney can not be formed, and, as a necessary con- 
sequence, the smoke, instead of passing out by the chim- 
ney, rises in the room. When this is the case, a perfect 
remedy is usually found in opening some door of the 
apartment by which; a good supply of air is admitted.^ 

280. The land and sea breezes which daily occur on 
the coast and in the islands of the tropical regions,(^are 
produced in a similar manner, but on an immensely larger 
scale) Jn some of the West India islands they occur 
with great regularity. 'About 9 o'clock, a. m., the wind 
begins to blow from the sea toward the land on every 
side of the island, and continues until evening, when after 
a period of calm it commences to blow from the land in 
all directions toward the sea.) The former is called _the 
sea, and the latter the land breeze. ( They are occasioned 
by the unequal effect of the sun's rays on the land and 
water, the latter being heated or cooled much less readily 
than the formerJ The action of the sun's rays in the 
morning soon raises the temperature of the land above 
that of the neighboring ocean ; and a portion of the heat 
being communicated to the air above it causes it to as- 
cend as before explained, and the air from the surround- 
ing water rushing in to supply its place, produces the 
' regular sea-breeze. After sunset, the land (with the air 
above it) cooling more rapidly than the water, the latter 

close stov/? What is the reason t Why will not the burning of a given quantity of 
"luel in an^opeii fire-place ^leat a room as much as if it Were burned in a close stove T 
How is the place of the air supplied that escapes through the chimney? Why is the 
chimney of a new close room likely to smoke 1 . Why is the difBculf y remedied usually 
by opetling a door ^ 280. How are the land and the sea breezes of the West Indies and 
other tropical climates produced 7 At what hours do these breezes commence? How 
are these winds accounted (or ? Why is the air over the land heated and cooled more 
readily than that over the water? 

16* 
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soon becomes warmest, and a current of air is established 
in the opposite direction from that in the morning, or 
from the land toward the sea, which constitutes the 
land-braece. 

281. (lii some parts of the Indian Oceanj from Novem- 
ber to March, the wind generally blows from the north- 
east to the south-west ; and from March to November in 
the opposite direction, or from south-west to north-east.) 
These winds are called monsoons ; their cause is not well 
understood, but no doubt it is in part at least to be at- 
tributedito the unequal distribution of the sun's heat over 
the surface during the different seasons of the year) It 
will be observed that the general direction of the wind is 
from the north of the equator toward the south, during 
that part of the year in which the heating influence of 
the sun's rays is greatest at the south ; and in the op- 
posite direction during the part of the year when the 
sun's heat is greatest at the north. This would seem to 
indicate that the rarefying influence of the sun's rays is 
a great, though not perhaps the sole cause of the phe- 
nomena. I x^ 

282. The same cause, it is very well ascertained, pro- 
duces the trade-winds, which blow constantly.Trom a 
general easterly direction to a distance of some 28 or 30 
degrees north and south from the equator in the Atlantic 
and Pacific Oceansj North of the equator they are 
found to vary/from fhe east to the north-east, ,)and in like 
manner, isoutlrof the equator, their general direction is 
from the south-east;' but in both hemispheres they are 
subject to some variation, according to the season of the 
year, and are affected often by the proximity of land. 
By the diurnal motion of the earth, those parts of its sur- 
face exposed to the sun's more direct rays become heated 
above the adjacent parts, producing a disturbance in the ' 
equilibrium of the air above them, in the same manner 

(Question 281. Where do the winds called the monsoons occur ? In what directions 
do they blow from March to November, and from November to March 1 To what are 
these winds, in part at least, to be attributed ? 282. In what direction do the trade- 
wmrfs constantly blow 7 North of the equator, in what dirtction do they vary 1 In 
wliat direction do they vary soulh of the equator? In what direction doesthepoint (in 
fhe surface of the earth, where the heating influence of the sun's rays is {rreateat, con- 
fifanliy movel In what direction do the currents of air move in the upper recions oi 
the atmosphere in those parts of the earth where tht trade-winds prevail 1 How has 
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as already pointed out. As the point of greatest heat is 
constantly progressing(westj with great rapidity, it is fol- 
lowed by a current of air setting toward it, though, as 
we should expect, on the north of the equator, inclining 
more or less from the northward, and on the south of the 
equator, from the southward. Above the regions where 
the trade-winds prevail, it has been very satisfactorily as- 
certained, there are currents of air in the opposite direc- 
tions from the winds at the surface ; that is, while the 
currents of air at the surface move in a general direction 
from east to west, in the upper regions of the atmosphere 
they are moving in a general direction('from west to east. 
Thus, when volcanic eruptions have occurred in some of 
the West India islands, ashes thrown out have been 
known to fall far to the eastward, though the wind at the 
surface all the time was blowing /rom that direction. 

The trade-winds north and south of the equator do not 
meet, as might be supposed ; but there is a space of some 
200 or 300 miles between them, called the region of 
calms, where there is seldom any wind. This tact en- 
tirely refutes the notion which formerly prevailed, that 
these winds are occasioned merely by the motion of the 
earth on its axis ; as the atmosphere, though it partakes 
of the motion of the earth, might be supposed to move 
less rapidly than the earth, and therefore, to persons on 
the surface, have the appearance of moving in the con- 
trary direction, or from east to west. On this supposition, 
it is evident that the wind should be strongest^ at the 
equator^where the motion of the earth is greatest, con- 
trary to what has just been shown to be the fact. 
-<^ 283. ' Whirhuinds are violents movements of the atmos- 
phere^ in a circular or spiral direction about an axis, the 
whole having at the same time a progressive motion. 
They occur chiefly^in the tropical regions/ but extend 
also into the temperate zones. Sometimes they are of 
very limited extent ; at others they extend over a por- 

mp} : • 

this been ascertained 1 Do ttle trade-winds blow at the equatory^ May the constant 
easterly direction of the winds between the tropics be occasion^H by the diurnal mo- 
tion of^the earth ? . On this supposition, where should the trade-winds be strongest 1 
883- What are whirlwinds t Wllere do they chiefly occur 1 What is said of tlieir ex- 
tent? What are tamadasl What are they called when they occur^ in the Chinese 
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ti^n of (he surface included in a circle of several hundred 
miles in diameter. They then constitute the tornados of 
the Atlantic ocean and West Indies, andftyphoons)o{ the 
Chinese sea. In the western part of the Atlantic ocean, 
it is found, they usually commence(in the vicinity of the 
West Indie^ and progress, with greater or less rapidity, 
along the coast of the United States, (toward the nortfiS 
until they are dissipated or lost in high northern latitudes. 
North of the equator, the whirl, it is believed, is always 
in thejiirection of the points of the compass, N. W. S. 
and E.; while south of the equator they are in the oppo- 
site direction, orj'from N. through the E. S. and W.j 

284. Rain, Snow, Hail, Fog. — The atmosphere, it is 
well-known, even when dryest, always contains in it^ 
portion of watery vapor ,9 from whichTdew, fog, clouds, 
rain, snow, hail, &c., are formed) (Tnis vapor is con- 
stantly rising from the surface at every tempera ture^) but 
its formation is much the most rapidUn warm weatherX 
and the atmosphere then contains the most moisture. Its 
presence is shown whenever a pitcher is filled with cold 
spring-water, and allowed to stand a short time, by the 
dev^ which forms upon its surface, and at length trickles 
down the sides in large drops, 

(when a portion of air near the surface charged with 
moisture is suddenly cooled, the water it contains is con- 
densed, and becomes visible, producing fog and mist^ 
! When the condensation takes place in the upper regions 
of the atmosphere, it forms clouds, i These often remain 
freely suspended in the air without apparent change, but 
, if a rise of temperature occurs^) they gradually disappear, 
the particles being again dissolved in the air. (When, on 
the other hand, the condensation is continued to a certain 
point, the drops of water fall to the ground, constituting 
rain? /If the cold is sufficient to freeze water in that part 



seal Where is it found tliey usually commence in the western part of '.r.e Atlantic 
ocean ? In what direction do they tlien progress? In wliat direction is the whirl 
north of the equator 7 South of^the equator I 284. What is always contained in 
the atmosphere J What are formed from this vapor 7 From what is this vapor 
formed 1 During what season is it produced most rapidly ? How may the presence 
of this vapor be shown in warm weather? How is foir produced? How are douos 
formed ? Wliat mav oflen occasion the disappearance of clouds that have remained a 
time suspended in the air) How is rain produced? How is snow produced? In 
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of the atmosphere where the condensation is taking place, 
snow is produced, and falls in feather-like crystals) 

In that part of the United States on the coast of the 
Atlantic ocean, it is well known that the snow-storms 
usually come from the south- west/commencing earlier at 
^Philadelphia than at New York, and earlier at this place 
than at Boston,') &e. ; though the wind all the time is at 
theoiorth-east.j ' It is evident, therefore, that in the upper 
regions of the atmosphere, there is a current of warm air, 
moving(from the south-west to the north-east,- whilst at 
the surface a current of cold air from the north-east is 
moving in the opposite direction. Now, supposing the 
warm air from the south to be highly charged with mois- 
ture, as it no doubt in such cases is, we have all the con- 
ditions necessary for the production of snow. The mois- 
ture of the warm air, in mixing with a colder current 
from the north, is not only condensed but frozen, and 
falls to the earth as snow. 

285. Hail is produced by the freezing of the drops 
after they are formed, by their passing through cold strata 
of the atmosphere, in the course of their descent. In 
some few instances which have been recorded, hail-stones 
of enormous size have fallen, even several inches in 
diameter, — a fact which seems to indicate that a rapid 
accumulation must have taken place during their de- 
scent, from the moisture contained in the atmosphere. 

286. The Rain-gauge is an instrument'for measuring 
the quantity of water which falls in the form of rain, 
hail, &c., in a given time in any place^ This quantity 
is usually estimated in inches ; and when it is said that 
an inch of rain has fallen, the meaning is /that if the sur- 
face of the earth were perfectly level, the water which 
has fallen during the tirne supposed would be sufficient 
to cover it an inch deep. ' 

There are several varieties of the rain-gauge, but one 

what part of the United States bordering on the Atlantic ocean is it observed that snow- 
fiVorms usually first commence 7 In what direction does the wind usually blow during 
these storms 1 What must be the direction of the wind in the higher parts of the at- 
mosphere 1 How will the mingling of two such currents produce the results which 
are witnessed? 285. How is kail formed t Do the liail-stones probably increase rlur- 
ing their fain 286, What is the design of the 7-uin-^awg-e ? What is meant when it is 
eaid an inch of rain has falleni How is the rain-gauge constructed 1 How much 
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1 c r of the following consti'uction answers the 
T r purpose well, and is convenient to use. A 
B is a glass tube an inch in diameter, and 
from 2 to 3 feet in length, and has cemented 
upon it at the top a metallic vessel or funnel, 
C, the mouth of which is four times as large 
as the tube itself; consequently, an inch of 
water in the funnel must fill the tube four 
inches. By the side of the tube a scale is 
attached graduated into inches and propor- 
tional parts, which, however, are made four 
times as long as the common inch. Now, as 
the mouth of the funnel is four times jthat of 
the tube, an inch of rain falling into the fun- 
nel (will fill the tube four inches, a sufficient 
spac^to allow a minute fractional division. , 

To determine the quantity of rain which 
falls, the instrument is to be attached to an 
upright post, and placed at a distance from 
any building, so that even in windy weather 
the rain shall fall freely into it. Snow and 

■Bain-gauge, j^^jj ^^^ ^^ |^g caught in a vessel, the mouth 

of which is of the same size as that of the rain- 
gauge ; and after it is melted, the quantity of water is 
to be determined by pouring it into the gauge. 



CHAPTER IV. 

ACOUSTICS. 



287. \AcousTics is the science which treats of the na- 
ture and laws of sound./ 

, Sound is the result of a vibratory motion produced in 
the air or some other elastic body. Usually, whatever 

larger is the mouth of the tube than the tube itself t How high does an inch of rain fill 
tile tube 1 Will the quantity of rain thai. fallK in windy weather be accurately indicated ? ^ 
287. What is the object of the science of acoustics 1 What '6 sound the result ofl ,' 
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may be the body in which this vibratory motion is first 
produced, »it is conveyed to -the ear by means of the aii> 
VWhen these vibrations take place in a uniform, 
regular manner, a perfect sound or tone is produced ; but 
if the vibrations are irregular and interrupted, a mere 
noise results.,/ 

vThe vibration of a sounding body may often 
be seen by the eye, as in the case of the lower 
strings of the violoncello, or the prongs of the 
common tuning-fork.^ The form gf this last 
instrument is seen in the figure. When it is 
held by the handle, and the two prongs pressed 
together and suddenly released, or one of them 
struck against some solid substance, a distinct 
sound is heard ; and by close inspection the 
prongs may be seen in rapid vibration to and 
from each other, as indicated by the dotted 
lines. The particles of dust or sand upon a 
bell, when it is struck, are observed to be put 
in rapid motion. 

288. Conduction of Sound by the Air. — 
Sound is conveyed from the vibrating body to 
the ear by means of vibrations in the air, as 
already stated; /hence, if a bell is placed under 
the receiver of an air-pump, as the air is ex- 
hausted its sound becomes less and less dis- 
tmct, until it can scarcely be heard. J /If the air be now 
gradually readmitted, and the bell in the mean time rung, 
the sound will be observed to increase in intensity in 
proportion as the density of the air in the receiver in- 
creases. 

The figure in the margin represents an apparatus 
which is used for this purpose. It consists of a glass re- 
ceiver with a small bell inside, which, after the air has 
been exhausted by the air-pump, is rung by drawing up 
a rod that passes air-tight through the neck of the re- 



How are eounds conveyed to the ear 7 What is the result when the vibrations are 
re^lar, and what when they are irregular and interrupted ? May the vibrations of 
the sounding body be sometimes seen by the eye 1 What is the form of the tuning- 
forlc J 288. What is the effect if a bell be struclc several times as the air is exhausted 
from a receiver under which it is placed 7 What will be the effect as the air is again 
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ceiver. The bell must not be al- 
lowed to touch the receiver, nor 
should it stand directly upon the 
plate of the air-pump, as the vibra- 
tions will then be partially commu- 
nicated through the solids to the ex- 
ternal air, and thence to the ear. A 
piece of sheet India-rubber answers 
well to insulate it from the plate of 
the purnp. 

289. [Sounds are less intense on 
high mountains than in the valleys 
below, in consequence of the dimin- 
ished density of the atmosphere. 
This would be expected from the'' 
experiment just described ; yet the 
(explosions of meteors at vast eleva- 
tions have often been heard. } |In 
condensed air sounds become more 
intense ; an increased loudness of the voice is always ob- 
served by persons descending beneath the surface of the 
sea in diving-bells (257,) where the density of the air is 
greatly increased by the pressure of the water./ 

290 Intensity, Pitch, Quality. — In comparing different 
sounds, they are readily perceived by the ear to differ in 
three particulars, viz. : intensity or loudness, pitch, and 
quality or timbre, if we may be allowed to use a French 
word. The difference of sounds in intensity or loudness 
depends upon the greater or less extent of the vibrations, 
and is readily perceived by every one ; but variations 
of pitch are not so easily recognized, at least by the un- 
educated 6ar. In music, differences of pitch are desig- 
nated by the terms high and low, sharp and flat, acute 
and grave. But sounds precisely alike in intensity and 



Bell under a Receiver. 



admitted? How is a bell made to ring under an exhausted receiver? 289. Why are 
sounds less intense on high mountains than in deep valleys ? Have the explosions or 
meteors been heard at great heights ? How is the intensity of sounds affected in diving- 
bells as they are made to descend beneath the surface? 290. What three peculiari- 
ties in sound does the ear readily distinguish? Upon what does intensity depend? 
How are differences of pitch designated in music ? If two sounds are alike in pitch 
and loudness, in what other respect may they differ? How is this illustrated? Can 
we distinguish different instruments when playing the same tune ? 
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pitch may yet differ in a third respect, which, for want 
of another term, we have called quality. Thus, a wire 
extended over a table made of pine wood will give a dif- 
ferent sDund from another extended over an oak table, 
though both are at the same pitch, and are alike as it 
regards intensity. So the sound of a flute and that of a 
violin, when playing the same tune, are entirely unlike as 
it respects this peculiarity. 

291. The intensity of sound, hke that of attraction, 
(34,) diminishes as the square of the distance from the 
sounding body increases. The distance at which a 
sound may be heard depends very much upon circum- 
stances, as the state of the weather, the direction and 
force of the wind, nature of the surface over which the 
sound passes, &c. The noise of the cannon at the battle 
of Bunker Hill was heard at Pittsfield, (Mass.,) 120 miles 
distant, over the uneven surface of the land ; but over 
the level surface of the sea the firing of guns has been 
heard at the distance of 200 miles. In one instance two 
persons held a conversation together over a frozen harbor 
a mile and a quarter wide. So it is observed that sounds 
are heard along a smooth wall much further than in open 
space. On the same principle, tubes, by confining sound 
and preventing it from spreading, may be made to con- 
duct it a great distance. In large manufactories speak- 
ing-tubes are often used, which, extending from the over- 
seer's room to distant parts of the building, enable him to 
give his directions with precision, and without delay. 

292. Pitch depends upon the number of vibrations 
made by the sounding body in a given time. The lowest 
sound that can be heard is produced by about 32 vibrations 
a second, and the highest by not more than 10 or 12 thou- 
sand ; though it is found that ears differ, some being 
capable of hearing sounds so sharp as to be entirely in- 
audible to others. If the number of vibrations is less 
than about 32 per second, the ear distinguishes them 
separately, and a succession of blows is heard, the idea 

Question 291. How does the intensity of sounds diminish with the distance 7 How far 
may sounds be heard ? Why may sounds be heard furtlier along a smooth wall or over 
a smooth surface than in other situations T For what purpose-are speaking-tubes used 1 
202. Upon what does pitch depend 1 How many vibrations are required in a st^coud to 

17 
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of a continuous sound not being produced. This is 
shown by making the end of a spring play against a 
toothed wheel. When the wheel is turned slowly, the 
successive blows of the spring are heard, and may even 
be counted ; but if the velocity is sufficiently increased, 
the blows are made to succeed each other so i-apidly 
that the ear is incapable of separating them, and a con- 
tinuous sound is produced. As the wheel is made to 
turn more and more rapidly, the pitch becomes sharper 
and sharper, until the ear is incapable of judging con- 
cerning it. 

293. Velocity of Sound. — Sound moves from place to 
place through the air with a velocity of about 1125 feet 
per second, or 12f miles a minute, and 765 miles an hour. 
It is found, however, that this velocity is somewhat 
affected by the temperature, state of the weather, winds, 
&c. 

By knowing the time that elapses after the production 
of a sound, we may therefore readily determine the dis- 
tance of its origin with some degree of accuracy. Thus, 
suppose that after seeing the flash of a cannon fired at a 
distance, 30 seconds elapse before the report is heard; 
as the sound must have advanced 1125 feet every 
second, the whole distance to the place where the cannon 
was fired must be 30 times 1125, or 33,750 feet, equal to 
about 6i miles. 

Suppose, again, that in a thunder-storm, a flash of 
lightning is seen 10 seconds before the thunder is heard; 
at what distance did the explosion take place ? Evidently 
it must have been 10 times 1125, or 11,250 feet, or about 
2} miles. 

294. Sound is conveyed in liquids and solids with 
greater velocity than in air. In water, sound moves 
with a velocity of about 4708 feet per second, being 
more than 4 times its velocity in the air. A bell struck 
under water in the lake of Geneva was heard at the dis- 



froduce the lowest sound audible to the ear ? How many to produce the highest sound! 
low is this illustrated by ttie toothed wheel and spring 1 293. With wliat velocity does 
sound move J Is this velocity varied by circumstances 1 How may we determine ttie 
distance at which a caimon is fired, or the distance of a tliunder-cloud i 294. Do 
liquids and soi;ds convey sounds more rapidly than air i What is the velocity with 
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tance of 9 miles, the sound having been conveyed by the 
water. 

Solids conduct sound with still greater velocity than 
liquids. It has been determined by experiment that cast- 
iron will convey sound about 11,090 ieet per second, or 
about 10 times its velocity in air; while in some other 
metals, and some kinds of wood, it travels with still 
greater speed. 

Some very easy experiments serve to show the power 
of solids to conduct sound. If a person places his watch 
i>n one end of a long stick of timber, and going to the 
other end, presses his ear against it, he will hear its tick- 
ing almost as distinctly as if his ear were directly against 
the watch. If his watch is placed on a table, and he 
touches it with one end of a long slender pole, bringing 
the other end to his ear, the ticking will be distinctly 
heard. If any part of a continuous brick wall be struck 
with a hammer, the sound will usually be heard by a per- 
son placing his ear against it in any other part of the 
building, however distant. The experiment is best per- 
formed on walls dividing the interior of buildings in which 
there are but few openings for doors or windows. 

295. Sounds pass with difficulty from one medium to 
another, as from air to a solid and from the solid to the 
air again. Hence, a voice in a room, if not very loud, 
is heard but indistinctly in another apartment separated 
from it by a continuous wall ; since, being made in the 
air, it has to be transmitted to the solid constituting the 
partition, and then again to the air. If a light blow is 
struck on the dividing wall in one room, it is distinctly 
heard by a person standing against the wall in the other, 
because it is conducted directly through by the solid 
material of the wall. 

29G. Reflection of Sound — Eclio. — Sound is readily re- 
flected from smooth surfaces, making the angles of inci- 
dence and reflection equal, like the elastic ball when 
striking obliquely against a smooth surface. This con- 

which a^und passes in cast-iron 1 What experiments are given to prove that solids 
convey sounds % 295. What is said of the passage of sound from one medium to an- 
other 1 296. May sounds be reflected ? What is an echo 1 What otgects will yield an 
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stitutes what is called an echo. A wall, the side of a 
house, the surface of a rock, the ceiling and walls of an 
apartment, give rise, to echoes which are more or less 
audible. When there are several surfaces at different 
distances from the place where the sound is produced, 
the echo will often be repeated from each surface in suc- 
cession. At a place in Oxfordshire, England, a single 
syllable is thus repeated no less than 17 times. In such 
a place, a single ha, distinctly pronounced, is returned in 
a Jia ha ha — a hearty laugh ! 

In a cathedral in Sicily, the slightest whisper behind 
the high altar may be heard at the opposite extremity of 
the building, a distance of 250 feet. 

When the echoing surface is concave toward the per- 
son listening, the sound reflected from it will converge 
to a point, and will often be greatly increased in inten- 
sity. This is often observed in churches and public halls 
with vaulted roofs, in which there is usually a certain 
place, depending upon the position of the speaker, where 
he can be heard more distinctly than in any other part. 

In case either of the walls or roof of a church or hall 
designed for public speaking is made concave, as has 
sometimes been recommended, there must always be 
some favored part where the speaker will be heard better 
than in other parts ; hence, when it is designed that all 
the audience shall fare alike in this respect, the best form 
that can be given to them is to have them perfectly 
plain. 

297. The rolling sound of thunder, and its sudden 
bursts and variations of intensity, are occasioned chiefly, 
it is supposed, by numerous echoes from separate masses 
of clouds floating in the air at different distances, which 
will of course arrive at the ear successively. It may be 
also that the electric spark darting through the air pro- 
duces the sound, not in a single point, but all along its 

echo 7 When there are several echoing surfaces at different distances, what is the 
effect? At what distance is it said a whisper will be echoed, so as to be audible, in a 
certain cathedral in Sicily 1 What is the effect when the echoing surface is concave? 
what will be the effect of making the roof or walls concave of a large room designed 
for public speaking 1 What is the best form for the walls and roof of a room designed 
for this purpose ? 297. How is it supposed the rolling sound of thunder is produced 
May the sound also be produced alun^ a line for some distance, so as to be at diffi^reut 
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«igzag course, at different distances from tlie ear. The 
original report, therefoi'e, though perfectly instantaneous, 
)'et being produced at different distances from the ear, 
will arrive from different points in successive parts, and 
will thus become prolonged, (581.) 

The production of echoes often depends upon the state 
of the atmosphere as it regards barometric pressure, tem- 
perature, moisture, the direction and force of the wind, 
&c. Thus, we can occasionally hear a very distinct 
echo from a distant building, or other object, from which 
an audible return-sound can not usually be obtained. 

298. When a distinct echo can be obtained from a dis- 
tant object, it may be made use of to determine its dis- 
tance. Thus, suppose that from a building on the oppo- 
site bank of a river, an echo is returned to an observer 
in 4 seconds, it is required to determine the width of the 
river. As the sound must go and return, it is evident 
that the distance must be equal to that over which sound 
would pass in half the time, or 2 seconds. Its width is, 
therefore, 1125x2=2250 feet, or 750 yards. 

299. Sounds in the open air are partially intercepted 
by opposing obstacles, forming what has been called an 
acoustic shadovj. Tbus, a band of music, in passing 
through the streets, is heard much less distinctly after 
going behind a block of buildings, than before any object 
intervened. In water, sounds are almost entirely cut off 
by intervening objects. 

300. The Trumpet. 
We have seen 
above (291,) that 
tubes may be made 
to convey sound dis- 
The Trumpet. tinctly a Considerable 

distance, which no 
doubt is to be attributed to the reflection of the sonorous 
waves from side to side in their passage. It is on this 

distances from the earl Will the production of an echo from an object often depend 
upon the state of the atmosphere 1 298. How may we by means of the echo from a 
distant object determine its distanced 299. ts the passage of sound in the open air in- 
terrupted' by intervening objects'! How is this sliown by a band of music marching 
(brougil the streets! 300. To what is the conveyance of sound in tubes to be attributed i 

17* 
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principle, too, that the speaking-trumpet, acts, by which a 
person is enabled to hold a conversation with another 
at a much greater distance than he otherwise could. It 
is made in the form of a hollow cone, having a portion 
removed at the apex to which the mouth is applied, the 
instrument being directed toward the person addressed. 
The Ear-trumpet is designed to assist the hearing of 
persons who are partially deaf, by collecting the vibra- 
tions and conducting them to the ear. It is made of the 
same form as the speaking-trumpet, and is used by apply- 
ing the small extremity to the ear. 

301. The Steam Whistle. — The steam-whistle is an in- 
strument much used on steamboats and locomotives lo 
give warning of their approach. Formerly bells were 
used for this purpose, but the steam-whistle is found to 
be much superior, as the sound it produces is much more 
penetrating and can be heard much further than that 
even of a large bell. The sound it produces is of a very 
high pitch, and is very loud. 

The figure in the margin, which 
represents a section of the whistle, will 
illustrate its construction which it will be 
seen is exceedingly simple. The steam 
is conducted from the boiler by the pipe 
P and is received in a small chamber, 
C, from which it escapes by a very nar- 
row circular orifice, oo, into the open 
air. A B is a hollow cylinder, usually 
made of brass, closed at the top and 
held firmly in its place by means of a 
nut and screw, and presenting its lower 
edge, mm, exactly over the circular 
orifice, oo. As the steam escapes it 
comes in contact with the edge of 
metal, m m, and a system of rapid vibra- 
tions is established, producing the shrill 
sound so readily recognized by every 
person who has once heard it. 




steam Wliistle. 



On what principle does the speaHng-trttmpet act 1 What is its form 1 What is the Hi- 
mgaoi\.)i6 ear-tTumpefi 301- \)QHCXib& Va^ ateam-xohisUe. 
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It will be understood, as a matter of course, that be- 
tween the whistle and the steam boiler a valve is placed 
that can be opened and shut at pleasure by the person 
having it in charge. 



THE ART OP MUBIC. 



302. Music is the art of producing and combining 
sounds in a manner agreeable to the ear. A musical 
sound is produced when the impulses or vibrations occur 
at exactly equal intervals, and are of similar intensity 
and quality. Such a sound always produces a pleasing 
effect upon the mind ; but if too long continued, it be- 
comes tedious and requires to be changed. 

303. Though intensity and quality are by no means to 
be neglected in music, yet the most important circum- 
stance to be attended to is pitch. This we have, seen 
(292) depends entirely upon the frequency of the vibra- 
tions, or the number which occur in a given time ; and 
two sounds in which these elementary impulses occur 
with the same frequency are said to be m unison or to 
have the same pitch, whatever may be their intensity or 
quality. 

304. A stretched cord or wire 
____^-^--__, furnishes an excellent instrument 

<f|ff;=Cgr^Jg?S^^> for the investigation of many 
^''*"-'^-V£"z?^r="--°' points connected with this sub- 

stretched Cord. ject. When such a cord or wire is 

drawn a little out of its position 
of rest, and suddenly let go, it will continue for a time to 
vibrate backward and forward aver its position of rest, 
producing a sound gradually diminishing in intensity, but 
continuing of the same pitch until it ceases. The vibra- 
tions of a cord are much better excited by a bow, which, 
as is well known, consists of a bundle of horse-hair, loosely 

Question 302. What is music 7 How is a musical souijd produced 1 Are the inten 
tity and quality of musical sounds important 7 303. What is the most important cir- 
cumstance requiring attention 7 Upon what does the pitch depend 1 When are two 
sounds said to be in unison 7 3(34. How is a stretched cord made to vibrate so as to 
produce a sound 7 For what purpose is the bow used with a stringtd in&ti-ument, aft 
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stretched for the purpose, and rubbed with resin to make 
them adhesive. The pitch of such a cord or wire is 
found to depend upon three circumstances, viz. : its 
length, size or weight, and the force with which it is 
stretched. By an increase of the length or of the weight, 
the pitch is made to fall, or become more grave; but by- 
increasing the tension, it becomes more acute or sharp. 

Hence, the same cord may be made to give sounds of 
different pitch by simply changing its length. This is done 
in stringed instruments like the violin or violoncello, by 
pressing the string upon a support placed just below it, 
while the bow is drawn over it. In the piano-forte, each 
wire gives but a single sound to which it is adjusted, de- 
pending upon the three circumstances above named. 

305. Sometimes a string does not vibrate as a whole, 
but divides itself spontaneously into parts, each of which 
vibrates separately, producing its own note, which is the 
same as if the string was only of that length. The points 
of division between the two parts vibrating in such a 
case, are called nodes-, or nodal points. 

The accompanying figure represents a cord, AB, 
vibrating in two parts, A N and B N, the latter of which 



''^;:'> ' t;^}^^^;;';''' "'""__ ■'.V—;";U'.:.^ ^B 



Vibraiing Cord. 

is twice the length of the former, N is the nodal point 
separating the ventral segments, A N and B N. 

306. In wind instruments, as the organ, flute, &c., the 
vibrations are produced in the column of air within the 
instrument, and depend upon its length, and in some re- 
spects also upon the size. In the organ, the different 
sounds are produced by diffei'ent pipes, each of which is 
so adjusted as to produce a single sound of the proper 

the violin ^ Upon what will the pilch of such a cord depend J By what change may 
the same cord be made to givesoiindsof different pitch i How is this accomplished m 
the violin and violoncello 1 305. Miiy a strinj: sometimes vhrate in partsl What are 
ilip nodes or nodal, poinlsl 306. In wind inslrumeiils, what is to be considered the 
v b-atiug body 1 Upon what will the pitch depend ! How are the different B-Jiida 
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pitch ; but in the flute, clarinet, &c., different lengths are 
given to the vibrating column by the fingers and keys 
opening and stopping the apertures, as may be required. 
The note })roduced by one of these instruments will also 
depend to some extent upon the manner of blowing it. 

Wind instruments are of two kinds, those with reeds, 
and those without them. Of the former kind are the 
clarinet and bassoon ; of the latter, the flute, serpent, 
bugle, &c. In the accordion, the sound is produced en- 
tirely by reeds, which are slender strips of metal made to 
vibrate in a small apei'ture, through which the air passes. 

307. Melody and Harmony. — Music may be considered 
as composed of two parts, melody and harmony. Melody 
depends upon the order or succession of the sounds, and 
the time during which they are severally continued. A 
musical sound, however pleasing at first, soon becomes 
disagreeable if continued, and must therefore be suc- 
ceeded by another, and this by a third, and so on. Now 
the peculiar order in which the several sounds succeed 
each other in a piece of music, constitutes its melody. 
Harmony, on the other hand, depends upon the union or 
blending of two or more diflferent sounds, which must 
sustain certain relations of pitch to each other. When 
two sounds heard together produce an agreeable effect 
upon the ear, they are said to chord, or to form a chord ; 
when they do not harmonize so as to produce this agree- 
able effect, they are said to be discordant, or to produce 
a discord. But more of this hereafter. 

308. Musical Notation. — If we begin with any particu- 
lar sound, and then ascend by seven regular steps, we 
produce the diatonic or natural scale ; which is a series 
of notes, that, with little variation, has been adopted by 
all nations, in all ages of the world, as the foundation of 
their music. This scale is sometimes called the gamut 
The last or eighth note is called the octave of the first or 

produced in the orfran? How in the flute, clarinet, &c. 1 Will the manner of blowing 
the flute also affect the note if will give 3 307. What two parts may music be con- 
sidered as compo.<!ed o(1 Upon what does melody depend 1 Will a musical sound 
that IS at first pleasing become disagreeable if long continued % Upon what does har- 
mony depend 3 When are two sounds said to chord 7 When are two sounds said to 
proijnce a discord? 308. What js meant by the diatonic or natural scale 7 Wilat ig 
the etghih note considertd I 
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fundamental note, and seems to the ear to be merely a 
repetition of it. If we ascend above tiiis, or descend be- 
low it seven more notes, we only repeat the same series, 
the latter notes being the several octaves of the former. 

309. Music is written on several horizontal lines and 
the intermediate spaces, as represented in the figure ; and 




rB^ 






The Scale. 

the several notes of the natural scale are represented oy 
the first seven letters of the alphabet, which are placed 
as in the figure. These notes are also represented by 
the seven syllables do, re, mi, fa, sol, la, si, the first sylla- 
ble here used being always applied to the fundamental 
note, called the tonic, which in the natural key is always 
on the line or space denoted by the letter C. 

310. These several notes are supposed to differ from 
each other only in pitch, which, as we have seen, depends 
entirely upon the number of vibrations in a given time. 
In producing these sounds, however, nothing depends 
upon the absolute number of vibrations, but only their 
ratio to each other. Whatever may be the number of 
vibrations in the fundamental note, in the second, or next 
above it, there must be 9 in the same time in which there 
are 8 in the first. In the third there must be 5, while 
there are 4 in the first ; in the fourth, 4, while there are 
3 in the first, &c., as will be seen by the following table. 

In the following table the numerator of each fraction 
in the second horizontal line indicates the number of 
vibrations made in sounding the letter under which it is 
placed, in the same time that in sounding the fundamen- 

QuESTioN 309. How is music written? For what are the first seven letters of the 
alphabet usedl What syllables are uyed for the same purpose? 310. In producing 
the sounds of the diatonic scale, is the absolute number of vibrations in a given tima 
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tal note, C, the number of vibrations is made which is 
expressed by the denominator. Thus, in sounding D, 9 
vibrations are made in the same time that 8 are made in 
sounding C ; in sounding A, 5 vibrations are made in the 
same time that 3 are made in sounding C, &c. 

In the lower Une are the syllables generally used in 
singing these several sounds. 



Letters, .... 


C 


D 


E 


F 


G 


A 


B 


C 
2 


Ratio of vibrations 


1 


1 

8 


5 
4 


4 
3 


3 
2 


s 

3 


V 


Syllables, .... 


Do 


re 


mi 


/« 


sol 


la 


si 


do. 



311. The space between two notes is called an inter- 
val ; that from any note to the next, as from the first to 
the second, or from the second to the thii-d, is called the 
interval of the second ; that from the first to the third is 
called the interval of the third, and so on. The five in- 
tervals from C to D, from D to E, from F to G, from G 
to A, and from A to B, are very nearly equal, and are 
called tones ; while the two from E to F, and from B to 
C, are much less than the , former, and are called 
semi-tones. The whole octave, therefore, contains five 
-tones and two semi-tones. 

If we reduce the series of numbers in the second hori- 
zontal line above to a common denominator we shall 
perhaps perceive more clearly their relation to each other. 
We will arrange them in horizontal lines as before. 



c 


D 


E 


F 


G 


A 


B 


C 


1 


1 


5 
i 


1 


3 

2 


s 

3 


us 

8 


2 


24 


27 


30 


32 


36 


40 


45 


48 



to be noticed, or only tlieir ratio to each olher? Whatever may be the number of 
vibrations in a given time in the fundamental note, how many must be made in f-.e 
same time to produce the second, or next above it 1 To produce the third, how many 
must there be, while there are 4 in the fir&t 1 What is shown by the upper and lower 
figures in the second horizontal Une in the table 7 311. What is an interval? What 
is the interval of the second 1 What the third, fourlh, &c, ? What are tonus ? Wha/ 



8 


9 


9 


10 


15 


16 


8 


9 


9 


10 


8 


9 


15 


16 
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We neglect the common denominator of the frac- 
tions, and these numbers, which are their several nume- 
rators, then express the exact ratio of the vibrations 
required in producing the several sounds indicated by the 
letters. 

In order now^ to compare these intervals with each 
other, we will place them as below. 

24 : 27 or reducing 8 

27 : 30 

30 : 32 

32 : 36 

36 : 40 

40 : 45 

45 : 48 

From this it will be seen that there are really two 
kinds of intervals called tones ; in three of the five tones 
of the scale the vibrations are as 8 to 9, while in two 
they are as 9 to 10. In the intervals called the semi- 
tones the vibrations are as 15 to 16. 

312. When all these notes are sounded in succession, 
in either the ascending ,pr descending order, the effect 
is always pleasing ; but the great variety of melody in 
music is produced by causing these and other intervals 
to succeed each other in every possible order and mode 
of transposition. 

313. Explanation of Chords and Discords. — As has 
before been stated (307,) when two notes of the scale 
are sounded together, a pleasing effect is produced upon 
the ear, and it is called a chord ; or a displeasing effect, 
and it is then called a discord. But of the chords, some 
are more and some less pleasing ; and so of the discords, 
some are much more offensive than others. When two 
notes immediately together, as C and D, or D and E, are 
sounded at the same time, a discord is always produced, 
which is called the discord of the second ; so also C and 

are scmi-fones 7 How many tones and Bemi-tones constitute the octave 1 Are the in- 
tervals, called tones, all of the same magnitude 1 312. What is the effect when the 
notes of this scale are sounded in surcL-ssion 1 How is the great variety produced in 
music 7 313. What is the difference in the effect upon the ear between a chord and a 
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B, sounded together, produce a discord, called the dis- 
cord of the seventh. 

On the other hand, C and E, sounded together, pro- 
duce a very agreeable chord, as do also C and G. Nu- 
merous other chords and discords may be found by 
searching for other combinations, but we can not here 
introduce them. 

The first and best chord is called a unison. It is pro- 
duced by two sounds having the same pitch ; that is, two 
sounds whose vibrations are performed in the same time. 
The next chord or concord is the octave, in which the 
vibrations are as 1 to 2. As third in point of agreeable- 
ness, we may mention the twelfth from the fundamental 
note, in which the vibrations are as 1 to 3 ; and next, 
the Jifth, in which the vibrations are as 2 to 3. 

314. But what occasions the difference between tlie 
chords and discords ? Why are the former agreeable 
and the latter disagreeable ? 

The difference, without question, is to be atti'ibuted to 
the comparative rapidity of the vibrations in the two 
notes which are sounded together. When the vibrations 
are to each other in the simple ratios of 1 to 2, 1 to 3, 1 
to 4, 2 to 3, &c., it is invariably found that chords ara 
produced, which are more agreeable to the ear as the 
terms of the proportion are lower. 

On the other hand, discordant notes are those in which 
the vibrations bear no simple ratio to each other. Thus, 
in the discord of the second, the vibrations are as 8 to 9, 
and in the discord of the seventh, as 8 to 15. 

This subject may be illustrated by using waved lines 
to represent the different sounds, as in the accompany- 
ing figures. When the interval between two sounds is 
just an octave,' the number of vibrations in the lower are 
to those in the higher sound, as 1 to 2 ; so that 
every second wave or vibration of the latter sound will 
coincide with each wave of the former. 



dlwcord? Are all the chords equally pleasing? Are all the discords equally disa- 
greeable ? What is meaot by the d/scord of the second or of the seventh ? 314. To 
what is the difference between chords and discords to be attributed? When are 
chords produced ? When are the notes rl scordant ; How may this subject be illua- 

18 
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Octave. 



the figure. 



This is the most simple ratio 
we can have, and, as we have 
seen, produces the most agree- 
able chord. The sounds are 
illustrated by the waved lines in 
The pei'pendicular lines show the wave? 
which coincide. 

When the interval between 
two sounds is what is called a 
fifth, a very pleasing chord is 
produced ; and the number of 
vibrations in each in a given 
time are as 2 to 3. The per- 
pendicular lines indicate, as before, the coinciding waves ; 
every third one of the sharper sound, it will be seen, coin- 
cides with every other one in the lower. 

The last of the accom- 
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Chord of the Fifth. 
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Discoi-d of the Second. 



panying figures is designed 
to indicate what is sup- 
posed to take place in the 
discord called the discord 
of the second, in which 



m 

the vibrations are as 8 to 9. The coinciding waves. 
It will be observed, are much further from each other 
than in the case of the chords represented above, 
every 9th of the higher coinciding with the 8th of the 
lower sound. Indeed, it is found in the case of chords, 
that, as the coinciding waves are removed further and 
further from each other, they become less and less pleas- 
ing, and at length, when removed to a certain distance, 
decidedly discordant. 

315. In our description of the diatonic scale (308,) C 
is taken as the fundamental note, and the position of the 
several tones and semi-tones with reference to it de- 
scribed. This is called the natural key. Any other 
letter may, however, be taken for the fundamental note, 



trated 1 When two sounds differ from each other by an octave, what vibrations of 
each will coincide 7 When they differ by a fifth, what vibrations coincide % What Is 
illustrated by the last figure in paragraph 314 1 What vibrations coincide in this case? 
315. On what letter is the fundamental note or tonic in the natural key ^ How are 
other keys formed 1 
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but the several tones and semi-tones must always have 
their proper position in relation to it. To accomplish 
this, other keys are formed by means of flats and sharps, 
for a description of which the student is referred to 
works that treat at large on this subject. 

316. Vibrations of Sonorous Bodies. — There are many 
important points connected with the vibrations of bodies, 
which have not yet been noticed. Planes, as well as 
cords and bells, may be made to vibrate so as to produce 
distinct musical notes. A plate of glass or of metal 
answers well for this purpose, and is to be used by hold- 
ing it firmly in a vise prepared for the purpose, and draw- 
ing the bow against the edge. It is found that the note 
produced will depend upon the manner in which it is 
held in the vise, and the part against which the bow is 
drawn, the mode of using the bow, &c. 

When a plate of glass or metal is thus made to vibrate, 
the vibrations are always performed in segments which 
are separated by nodal lines. If the plate be in a hori- 
zontal position, and fine sand scattered upon it, the sand 
will leave the parts in which the motion is greatest, and 
collect on the nodal lines. 

If the plate is of a rectangular form 
and held by the centre, when the bow 
is drawn near one of the corners, the 
sand will arrange itself as in the first 
of the accompanying figures. If the 
bow is then applied to the middle of one 
of the sides, the figures first formed will 

^ -^1 - be at once broken up, and the sand will 

^W^^^ be thrown into the position represented 

JH& in the second figure. In some instances 

^ ^V, diflferences in the arrangement of the 
sand will be produced by different modes 
of using the bow, as just intimated ; and for every arrange- 
ment of the sand a distinct tone is always produced. • If, 
for instance, a circular plate is used, held by the centre, 

QdBSTiON 316. May planes be made to vibrate so as to produce musical soun-Jsl 
How may a plate of glass be used for this purpose 1 Will the plate always vibrate in 
eegmeutfl t IIuw maj the nodal lines be shown 1 Will ttiese lines always occTipy tha 
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and the bow rubbed against it very lightly, the circum- 
ference will be divided into four parts, and a low note 
will be produced, the sand arranging itself as in figure A 

in the margin. If 
A.^ — I \ y, — I — v^B the bow is then 

pressed a little 
harder against the 
edge, the sound 
will become sharp- 
er, the figures first 
formed by the sand 
will be broken up, 
and a new arrangement take place as in B, in which the 
circumference is divided into six parts or segments. By 
proper means the same plate may be made to give still 
ii'gher sounds, the sand each time forming a distinct 
arrangement, and showing that the circumference is 
tiivided by the vibrations into a still greater number of 
parts, as 8 or 12. 

317. The parts of a glass vessel, as a tumbler, may be 
easily made to vibrate and give a musical sound by 
drawing a violin-bow across the edge, or by wetting the 
finger and rubbing it on the edge. If the vessel be partly 
filled with water, the vibrations of the glass will give- a 
peculiar tremulous motion to the surface. If the vessel 
be large, it may be made to vibrate so rapidly as to 
throw it to pieces. 

318. Vibrations in one body may be communicated 
from it to another through intermediate sohd bodies, or 
even through the air. The heads of a small drum will 
always be seen to vibrate when a larger one near it is 
struck, even though they do not touch each other. The 
vibrations are communicated through the air. So when 
the note D is sounded on the largest string of the violon- 
cello, the D string above, if in tune, will be observed to 
vibrate rapidly, the vibrations being transmitted either 



snme position ? Wliat is illustrated by the two first fii^ures in this parasrapll? 317. 
now may a tumbler or other jrlass vessel fbe made to vibrafe so as to produce a musi- 
cal sound f Will there be any danger of brealtiii;^ The vessel in performing the experi- 
ment? 318. May the v, br.it, ons of one body be cninmnu.ratf d to another J Wluit 
>urpose does the body of a violin or violoncello teive .' Wliy are the sounds ol -i 



ACOUSTICS. 207 

through the air, or through the soHd parts of the instru- 
ment. 

The jarring of the earth by heavy thunder is no doubt 
to be explained on the same principle ; the immense 
vibrations are communicated even to the solid earth. 

The body of the violin, violoncello, guitar, &c., is de- 
signed, by vibrating in unison with the sounds of the 
strings, to increase their intensity. Without this assist- 
ance the sounds would be scarcely audible at the distance 
even of a few feet. A music box placed on the table, 
while playing, sounds much louder than when held in the 
hand, for the same reason. 

Formerly " sounding-boards" were placed over the 
pulpits in churches, with the design of assisting the 
voice of the speaker, but the practice is now discontinued 
as useless. 



THE ETUMAN EAR AND VOICE. 

\ 

319. The Ear. — The parts of the ear are very different 
in different species of animals ; but in all, and especially 
in man, they are exceedingly complex and difficult to be 
fully understood. 

The external ear in some animals, as the ox and the 
horse, is evidently designed to collect the vibrations, hke 
the ear-trumpet (299) used by the deaf, and convey 
them to the organs of hearing within, thus increasing the 
intensity of the sound. These animals, therefore, have 
the power of turning their ears in different directions 
from which the sound may proceed. The horse, if sud- 
denly startled, will afways be observed to turn his ears 
intently toward the supposed point of danger. 

But the human ear is not fitted so well to reflect the 
vibrations of the air directly into the passage leading to 
the internal ear, as it is to receive and transmit thein 
there through the solid parts of the head. But it is sup- 



music box more distinctly heard when it is placed on a table than when held in the 
h.indl 319. Are the parts of the ear different in different animals'i What is the design 
ol the external ear in many animals 1 Is the liupian ear fitted for this purpose 1 

18* 
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posed to be of little use as connected with the sensation 
of hearing, which is found to be scarcely affected by its 
loss. , 

320. l,The several parts of the internal ear in man are 
the conical-shaped passage leading from the external ear, 
about nine-tenths of an inch in length, the tympanum or 
ear-drum, with four very small bones connected with it, 
the Eustachian tube, and the labyrinth.\ 

'The tympanum is a thin membrane drawn like the 
head of a drum quite across the passage leading from the 
external ear, and is designed to receive the vibrations 
from the air with which the passage is filled. The four 
small bones connected with the tympanum are so ar- 
ranged as to transmit its vibrations, somewhat increased 
in intensity, to the labyrinth, which is composed of a 
number of bags or sacks, and semicircular canals, all of 
which are filled with fluid. In this fluid are the termi- 
nations of the auditory nerves, which lead directly to the 
brain. 

vThe Eustachian tube is «5 passage leading from the 
upper part of the mouth to a small cavity behind the 
tympanum, called the cavity of the tympanum. This 
passage prevents any unequal pressure of the air upon 
the tympanum, from variations of the atmospheric pres- 
sure, or from any other cause. ) Sometimes the parts 
about this passage become inflamed so as to close it, 
which produces a sensation like that of a constant roar- 
ing sound. This sensation almost every one has expe- 
rienced on taking a severe cold. 

The stunning effect often produced by the firing of a 
cannon near a person, is occasioned by the sudden and 
violent concussion of the air against the tympanum, and 
through that upon the air within the cavity of the tympa- 
num. It is said it may always be avoided by having the 
mouth open at the time of the explosion ; the air is then 
allowed to pass freely through the Eustachian tube. 

QrrsTiON 3211. What are the severnl parts of the intfrnal ear in mani What is the 
tymijiinum ] What is its design ? Wliat purpose do tiie four small bones conuecicd 
with It serve' What is the Eustachian tube 1 Of what use is it J How may the stini- 
ning often eXLK-rienced when stand:nij near a cannon that is fired be avoiiled ? How 
may the breaking of windows by the firing of cannon in the vicinity be to some extent 
H\didc'l I 
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\ The firing of cannon near windows will often break 
the glass by the violent vibrations of the air against it ; 
but such an effect may be prevented usually by opening 
one or more of the windows in each apartment, so as to 
form a free communication between the air within and 
that without. 1 

321. The Voice.— ^The organs of the voice consist of 
the parts called the thorax, the trachea or windpipe, the 
larynx, the mouth, nose, and other adjacent parts. , 

'The air during respiration, as we have seen (^40,) is 
constantly passing inward and .outward through the 
trachea, by the alternate expansion and contraction of 
the cavity of the chest. Voice is always produced as 
the air passes outward, chiefly by its action on the laryn-x, 
which may be considered as the musical organ of the 
voice. '■ It is a short tube with several important appen- 
dages, situated at the head of the windpipe, and is the 
organ of the voice upon which its pitch almost entirely 
depends. But in producing the innumerable, nameless 
modifications of sound, of which the voice is capable, and 
which are required in ordinary speech, other organs are 
concerned, as the tongue, palate, lips, teeth, nose, &c., 
though the distinct office of each can not be fully deter- 
mined. 

322. Ventriloquism consists in imitating very accu- 
rately those peculiarities of sounds, by which we judge 
of their distance and position, with reference to our- 
selves. Thus, when a person hears a sound, he is usually 
able to determine at once whether it was produced in the 
same apartment with himself, or in an adjoining apart- 
ment, by certain peculiarities it possesses, which he has 
learned from experience. Now, Mr. A. is in the same 
room with Mr. B., but is able to give his voice the same 
peculiarities it would have if coming from a room adjom- 

QuESTiON 321. What are tlie organss of the voice ? How are the sounds of the voice 
produced ? What organ does the pilch of the voice chiefly depend upon 1 Wliat other 
organs are brought into use in producing the great variety of sounds of wh«ich the voice 
is capable ? 3-^2. In what does ventriloquism consist 1 When we hrar a sound, how 
do Wfc know whether it originates in our own apartment or an adjoining one 7 If two 
men, A arid 13, are in the same room, how may A produce a sound that (o R will ap- 
pear to come i'rom an adjoining room ? How may he cause his voice to appear as 
if coming from any other place ? Wliy do ventriloquists usually iliroct the attention 
of the audience to the point from whicli the voice is tjcptcted to com6 1 
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ing ; Mr. B., not knowing the deception, will imagine he 
hears a person in that room. In the same manner, sounds 
may be made to appear to come from any other place, as 
from the open air, from the earth, from the body of a 
person, &c., by imitating the peculiarities which our ex- 
perience tells us might be expected in sounds coming 
from those places. Usually the ventriloquist will direct 
the attention of his audience to the point from which the 
sound is expected, which very much assists in the illu- 
sion. 



: CHAPTER V. 

OPTICS. 

I. PHENOMENA OF LIGHT. 



323.1 Optics is that branch of science which treats of 
the various phenomena of light and vision, i 

'It is by means of light that we see objects ; but it has 
not yet been found possible to determine certainly what 
this agent really is.,| Two important theories concerning 
it have been proposed, each of which at different times has 
been very generally adopted. } 

324. Theory of Newton. — The first of these theories is 
that of the illustrious Newton. It supposes that all the 
phenomena of light and vision are produced by exceed- 
ingly small particles which are thrown off by luminous 
bodies, and which move through space and all transpa- 
rent bodies with immense velocity. The particles are 
supposed to be constantly emanating from all self-lumin- 
ous bodies, and flying off in every direction, and capable 
when coming in contact with other matter, of being re- 
flected, refracted, absorbed, or transmitted. 

This theory is also often called the theory of emission, 

UiTBSTioN 323. what is treated of iu optics 1 Can we determine with certainty 
whether light is really material? What important theories have been proposed con- 
cerning it 1 324. What is Newton's theory 1 
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as it supposes that the various phenomenit of light are 
produced by particles emitted from the luminous body. 

325. Theory of Huygens. — The other theory, proposed 
by Huygens, is usually called the undulatory theory, it 
supposes that there is every where diffused in space, even 
in the most solid transparent bodies, filling up the inter- 
stices between their particles, an exceedingly subtile and 
elastic fluid, in which undulations or oscillations are ex- 
cited by luminous bodies, and transmitted with immense 
velocity, producing the phenomena of light, much in the 
same manner as vibrations in the air (287) produce the 
phenomena of sound. The movements thus excited in 
this subtile medium or ether, are readily propagated 
through a vacuum (which is indeed supposed to be filled 
with the ethereal medium,) and through" the most solid 
transparent bodies ; but in this last case, the elasticity 
of the medium being somewhat diminished, the movement 
is less rapid than in free space. 

326. (These undulations, or oscillations, however, are 
in some respects unlike the waves produced upon the 
surface of smooth water, when a pebble is thrown into it, 
— ^an illustration sometimes given — being rather oscilla- 
tions in the particles themselves, which are supposed to be 
propagated from particle to particle in much the same man- 
ner as was explained in the use of the ivory balls (59.) 

327. Assuming that the particles 
•\ are spherical, we may suppose that 

^V.^ each one of them becomes alternately 

'\\\ extended and depressed, horizontally 
!TJ and vertically, as represented in the 
jj/ figure ; or, more properly, at its poles 
:^ and equator. Thus, the motion is 

an oscillatory tremulous motion, and 
may be propagated to distant parti- 
cles without the intermediate ones being moved out of 
their places. 

Question 325. What is the theory of Huygens called 7 How are the phenomena of 
l'!?ht supposed to be produced on this theory ? Does the supposed suibtile med um, 
called ether, pervade even solid bodies ? 326. Are the waves or oscillations of this 
medium like wavesupon the surface of water? How may we suppose the particles tif 
ether alternately extended and depressed ■! 327. May these oscillations be propagated 
thfoigh the ether without its particles being moved outof their places 3 
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328. The waves of light, Uke those of sound, are trans- 
mitted in every direction, extending on every side of the 
luminous body, the intensity diminishing as the square 
of the distance increases. The sonorous vibrations of a 
sounding body, as a bell, it will be recollected, are con- 
veyed to the ear, through the atmosphere, by means of 
the particles of the latter assuming a similar wave-like 
movement ; and, in the same manner, a luminous body, 
as the sun, or a lamp, it is supposed, by exciting an anal- 
ogous oscillatory movement in the universal ethereal 
fluid, which is propagated from particle to particle until 
it reaches the eye, communicates to this organ the sen- 
sation of vision, just as the sonorous vibrations produce 
in the ear the sensation of sound. Darkness, therefore, 
is occasioned by the cessation of this oscillatory move- 
ment, or the repose of this supposed fluid, called ether, 
just as silence results from the cessation of the similar 
movements in the air. 

329. It is impossible in the present state of science to 
say which of these theories — or whether either of them 
— is true ; but the undulatory theory is now almost 
universally adopted by scientific men, as it accords best 
with well-settled facts. But, in discussing the principles 
of the science, we shall, for the sake of convenience con- 
tinue to speak of light as a material substance transmitted 
from place to place, and capable of being thrown out of its 
course, and otherwise variously acted on by other sub- 
stances—language which would seem to belong to the 
other theory, the theory of emissioq. 

330. Luminous and Non-luminous Bodies. — All visible 
bodies may be divided into the two classes of luminous 
and non-luminous. The former are those which shine by 
their own light, as the sun, the stars, flame, &c. ; the 
latter those which have not the power of discharging it 
themselves, but are capable of throwing back the light, 
or part of the light, they receive from self-luminous 
bodies, by which they are seen, or become visible. In 



Question 328. Are the waves propagated in every direction? What is darkness? 
329. Is the undulafory theory of light now generally adopted ? 330. Into what two 
classes may all visible bodies be divided l What are luminous bodies ? How are noD- 
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every case the light must come from a self-luminous 
body, though it may have been several times reflected 
before meeting the eye. When a lighted candle is 
brought into a dark room, the form of the flame is seen 
by the light which proceeds directly from the flame it- 
self; but the objects in the room are seen by the light 
which they receive from the candle, and again throw 
back to the eye. Other objects still there may be in the 
room, which are so situated as not to receive any light 
directly from the candle, but become visible by the light 
reflected from the wall, ceiling, &c., of the room. 

Light is emitted from every visible point of a luminous 
or an illuminated body, and in every direction. 

331. Transparent bodies are such as transmit lighl 
freely, so that objects may be seen through them. Bodies 
that transmit the light, but not sufficiently to render ob- 
jects visible through them, are said to be translucent. 
Substances that do not permit light to pass through them 
in any degree are called opake. But this term is some- 
times used to mean the same as non-luminous. 

332. Rays parallel, convergent and divergent. — A ray 
is merely a small portion of light ; the smallest portion 
that can be intercepted or examined. A large ray, or a 
combination of rays, is sometimes called a pencil or beam 
of light. 

333. The rays of light may be parallel, or they may 
be convergent, or divergent. Parallel rays, as the term 
implies, are every where equally distant from each other ; 
but convergent rays approach each other as they advance, 
while divergent rays separate. 

334. The surface of a body may be considered as 
made up of a great multitude of very small points, and 
from every one of these in a luminous body the rays of 
light are thrown off"; consequently, the rays from a lumi- 
nous body near us must always be divergent ; that is. 



Juminous bodies seen, as no light is emitted by them ? Must the light always originate 
from a luminous body 7 Is light emitted from every point of a luminous body ? 331. 
What are transpartmt bodies 1 When are bodies said to be iranstucent ? When are 
they said to be opake 1 332. What is a ray of light ? Wiat \s a pencil or beam? 333. 
When are rays said'to be poroten Conmrgenti DiveTgentI 334. What may the 
surface of a body be supposed to be made up of ? Is light emitted from each point 1 
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they must always separate further and further as they 
advance. 

Thus, let A represent a 
lighted candle, and P and P' 
two pencils of rays emanating 
from points in it ; it will be 
seen that as they advance 
they diverge or separate more 
Divergent Rays. and morc from cach other. In 

this case we have represented 
the rays thi'own off from two points only — and indeed 
only a part of those from each of these points, since many 
more rays both above and below those shown in the 
figure, proceed from the same points. To obtain a cor- 
rect idea of what really takes place, it is necessary to 
recollect that pencils of rays are proceeding in this man- 
ner from every point of the flame of the candle, crossing 
each other in every direction. 

As a necessary result of this divergence of the rays of 
light, it must at length become so expanded as to cease 
to affect the eye ; and the body from which it emanates 
will then be invisible. 

Rays of light from a luminous body can, strictly 
speaking, never be parallel ; but, when their source is 
exceedingly distant, as in the case of rays from the sun 
or any other celestial body, it is evident that they may 
be considered so. 

The direct rays of a luminous 'body can never con- 
verge ; in order to be convergent, they must first 'be re- 
acted or refracted, as will be seen hereafter. 

335. Passage of Light Progressive. — The passage of 
light is progressive, it requiring about 16| minutes to 
cross the earth's orbit, or about 8i minutes to come from 
the sun to the earth. This is best determined by means 
of the eclipses of Jupiter's satellites, which are constantly 
taking place. 



Will the rays from a body near us always be divergent ? How is this shown in tlie 
figure in paragraph 334 ? May rays from a very distant body be considered parallel 1 
Can the direct rays trom a luminous body ever converge 1 335., Is the passage of light 
progressive ? How long is light incomiirg from the sun ? By what means is this deter ■ 



OPTICS. 



215 




Motion of Light Progressive. 



The earth and Jupi- 
ter, in their revolutions 
round the sun, are some- 
times both on the same 
side of that luminary, 
and at others they are 
on opposite sides. In 
the figure let S be the 
sun, E the earth, and J 
Jupiter ; both the earth 
and Jupiter being now 
on the same side of the 
sun. The light from Ju- 
piter, in coming to the 
earth, will now have to pass through the distance J E 
only. But, in a little more than six months after the 
earth and Jupiter are in the position above supposed, the 
earth will have advanced to E', and Jupiter to J'; they 
will then be on opposite sides of the sun ; and the light 
from Jupiter, to reach the earth, will have to traverse 
the whole distance J' E', which is greater than J E by 
the distance A E', or the diameter of the earth's orbit. 

Now, when these two bodies are in the position last 
indicated, in reference to the sun, the eclipses of Jupiter's 
moons are uniformly found to take place about 16| 
minutes later than when they are in the first position ; 
that is, when they are on the same side of the sun. This 
shows that light is this period of time in passing from A 
to E'; or, about 8^ minutes in passing from S to E', or 
from the sun to the earth. 

The velocity of light is, therefore, about 192,000 miles 
a second, which is evidently so great that we are abso- 
lutely incapable of measuring the time that is required 
for light to pass any distance over the earth's surface. 
Indeed, in one second it would pass no less than 8 times 
quite around the earth. 

336. In the same medium, light always moves in a 



mined ? What is the velocity of light per second 1 How many times would light pass 
round the earth in a second 1 336. Does light always move in a straight line in tht 
same uniform medium t ^ „ 

19 
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straight line ; it is, therefore, impossible to see through a 
bent tube. 

337. Umbra and Penumbra. — When light falls upon an 
opake object, it is intercepted, and darkness, more or less 
intense, is produced on the opposite side, called a shadow, 
or umbra. This is always surrounded by a border less 
dark than the shadow itself, which is called the penum- 
bra. It is occasioned by the interception of a part of the 
light from the luminous body. An eye situated in the 
penumbra will always be able to see a part, and only a 
part, of the luminous body. 

338. When the 
luminous body is 
larger than an 
opake one in its vi- 
cinity, the shadow 
or umbra of the 
latter will diminish 
as it extends in 
space until it ter- 
minates in a point; 
but the penumbra increases in size and at the same 
time diminishes in intensity until it becomes so dif- 
fused as to be entirely lost. In the figure, let S be the 
sun, and M any opake body of a spherical form, but 
smaller than the sun. The shadow, M N, is of a conical 
form terminating in a point at N; but the penumbra, or 
partial shadow, P P, becomes larger as it extends in space. 
It must, however, at length become so diffused as to 
be entirely lost. 

On the other hand, when the luminous body is smaller 
than the opake one, the shadow of the latter must increase 
in size with the distance indefinitely. 




Umbra and Penumbra 



Question 337. What is a shadow % By what is the shadow always siirrounded % 
How is this occasioned ? Will an observer see the whole of a luminous body when his 
eye is in the penumbra 7 338. When the luminous body is larger than an opake on» 
in its Ticinity, what is true of the umbra and penumbra 1 
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REFLECTION OF LIGHT, OR OATOPTRICB, 

339. When a ray of light, on coming in contact with 
an opake body, is thrown back, it is said to be reflected ; 
and in its reflections it is governed by the same laws as 
perfectly elastic solid bodies (61.) 

The ray, before it comes in contact with the reflecting 
surface, is called the incident ray ; after it rebounds from 
the surface, it is called the reflected ray. Now, if we 
admit a single ray of light into a darkened chamber, and 
cause it to strike perpendicularly against a reflecting sur- 
face, it is thrown or reflected directly back ; but if the 
reflecting substance is held a little inclined to the ray, it 
is reflected obliquely, and a luminous spot is seen on the 
wall where the ray strikes. 

Let us suppose A B to be the 
reflecting body, E C the incident 
ray, and C D the reflected ray. 
If, now, at C, the point of con- 
tact, we erect a perpendicular, 
C P, then E C P will be the an- 
gle of incidence, and PCD the 
>2., w angle of reflection ; and these 

Reflection of Light. two angles will always be equal. 

It is not necessary that the re- 
flecting surface should be a plane ; it may be concave, 
as a b, or convex, as A' B', and yet the ray will obey the 
same law. 

340. Mirrors. — A good reflecting surface is called a 
mirror or speculum. Mirrors are made usually of polished 
metal, or of glass, covered on- the back with an amalgam 
of tin. 

341. A considerable portion of light is always lost on 
coming in contact with reflecting surfaces, no mirror be- 
ing capable of throwing back or reflecting all the light. 



Question 339. When is light said to be reflected 1 What is meant by the incident, 
and what by the reflected ray 1 What are the angles of incidence and reflection in 
the figure in this paragraph! Mnst the reflecting surface be a plane surface? 310. 
What is a mirror? 341. Will all the light be reflecled I 
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The more inclined the incident r^ is to the reflecting 
surface, the greater will be the proportion reflected. 
When the reflector is transparent, as a glass plate, much 
more light is reflected from the second than from the first 
surface ; and this proportion is increased when the back 
is coated with some resinous cement or black paint ; oi-, 
better still, some metallic amalgam, as in the common 
coking-glass. In this case the reflections become very 
vivid, and the images of objects bright. 

342. Mirrors are made of various forms, of which the 
chief are the plane, the concave, and the convex. The 
common looking-glass is an instance of a plane mirror ; 
it consists simply of a plain, level, polished surface. The 
concave mirror is a portien of the inside surface of a 
hollow sphere, — usually but a small portion of the whole 
sphere. The convex mirror, in like manner, is a portion 
of the external surface of a sphere. A line perpendicu- 
lar to the centre of a concave or convex mirror is called 
its axis. 

343. The Plane Mirror. — Rays of light reflected from 
a flane mirror always retain the same direction with re- 
ference to each other after reflection as they possessed 
before. Thus, rays parallel before reflection will be re- 
flected parallel ; and rays convergent, or divergent, 
before reflection, will be reflected convergent or diver- 
gent, as the case may be. This may be more clearly 
understood by referring to the accompanying figure. 

Let A B .be a plane 
mirror, and C D tw o 
parallel rays ; after re- 
flection they take the 
direction c d, and to the 
eye they will appear to 
come in the direction 
C D'. Diverging rays 
Reflection of Light. proceeding from a 

point, E, will be re- 
flected in the direction eee, and will appear to come from 

QtTESTiON 342. what different forms of mirrors are mentiowd 1 What is the fonn 
of the vkme mirror 1 The o<mve.i: mirror 1 The concave t What is the axis of a con- 
vex or concave mirror 1 343. Do rays of light reflected from a plane mirror alvtays re- 
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the point E' behind the mirror. So will the converging 
rays, F F F, be likewise reflected converging ; and they 
will meet in the point G, just as if they originated in the 
direction F' F' F'. The effect of reflection in every case 
is to throw the apparent origin of the rays on the opposite 
side of the mirror, since objects always appear to the eye 
to be situated in the direction of the rays which finally 
reach that organ. 

344. The Concave Mirror. — ^Rays reflected from a con- 
cave mirror are in general made to converge ; or if they 
are very divergent, they are made to diverge less. Par- 
allel rays are made to converge to a point called the 
principal /ocMS of the mirror, which is about midway be- 
tween the centre of the sphere of which the mirror is a 
part, and the surface of the mirror. 

Let A E B, be a con- 
cave mirror ; C, the cen- 
tre of the sphere of which 
* the mirror forms a part ; 
and d e f g h parallel rays. 
After reflection they will 
be collected in the focus, 
Concave Mirror. F, wherc the light and heat 

of all the rays will of course 
be concentrated. E F is called i\\& focal distance of the 
mirror. ' 

From what has been said it is evident that rays ema- 
nating from the focus F wiU be reflected parallel. 

The concave mirror may 

be considered as a multi- 

"' tude of plane mirrors in- 

* clined toward each other. 

" Let A B C D be four plane 

'<* mirrors arranged on the 

Plane Mirrors. circumfcrencc of a circlc, 

and abed, several parallel 

rays ; these rays will strike the mirrors at different an- 

tain the same direction with reference to each other after reflecfion as before 7 How 
is this illustrated by the figure "? 344. How are rays reflected from the concave mirror "^ 
What is \he/ocus of a concave mirror ? Where is it situated 1 What is the focal dis. 
• ancp, of a ^oncave mirror 1 What may the concave mirror he considered as made uf 
of? 

19* 
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gles, and obey the usual law (339 ;) but they will all be 
reflected very nearly to the same point, F. 

Rays converging before reflection are, by reflection 
from the concave mirror, made more convergent ; and 
their focus is nearer the mirror than F,- the focus of par- 
allel rays. 

345. Rays diverging before 
reflection will be made after re- 
flection less divergent, parallel, 
or convergent, according to 
their previous divergency. Sup- 
pose them to be radiated from 
a luminous body situated at P, 
Conjugate Foci. ia the figure ; then, after reflec- 

tion, the focus will be, not at F, 
as before, but at/, a point nearer the centre, C. If now, 
the radiant point, P, be made to approach the centre, C, 
the focus /will also gradually approach to C ; and when 
the radiant, P, reaches that point, its rays, it is evident, 
will be reflected directly back. If P is carried still nearer 
the mirror A B than C, / will recede beyond C to the 
right, and the two foci will have changed places. The 
two points, P and/, are therefore sometimes called con- 
jugate foci, to represent their intimate relation to each 
other. If the luminous body be placed nearer the mir- 
ror than F, which is the focus of parallel rays, its rays 
will be reflected, not parallel, but divergent, as though 
they emanated from some point behind the mirror. 

346. The Convex Mirror. — The effect of the convex 
mirror is directly the reverse of that of the concave mir- 
ror ; it separates the rays after reflection. 

Thus, let ab c d e be sevei'al parallel rays incident 
upon a convex mirror, A B, of which C is the centre of 
convexity ; they will be reflected according to the general 
law, making for each ray the angle of incidence equal to 
the angle of reflection ; the ray a will therefore tike the 

Question 345. Dow will divprginff rays be reflected by the concave mirror 1 Will 
the focus of diverging rays be tbe same as if they were parallel % If the radiant point, 
P, is made to approach the mirror, how will the focus be atfected 1 If the luminous 
body is placed nearer the mirror than its principal focus, what will be the tifect ? ^G 
What is the effect of the convex mirror upon rays of light t From what poiJlt will the 
rays appear to emanate ?, Whal is this point cailtd .' 
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''«'' direction of a, b that of 

b', d tiiat of d', and e that 
of e'. They will all ap- 
pear after reflection to 
come from the same point, 
P, behind the mirror, 
which is therefore called 
the virtual, or apparent 
focus. 

347. When a pencil lif 
rays falls upon a concave 
surface, after reflection it is evident that they must inter- 
sect each other, and the points of intersection wiU con- 
stitute a curved line, which is .termed a caustic, or some- 
times a caustic by reflection. 

To exhibit this curve, fill a wine- 
glass nearly full with milk, and 
place it so that it may receive the 
direct light of the sun or of a lamp, 
as represented in the figure. The 
light will be reflected from the 
concave surface of the glass, and 
1 1^ I w^ form the curve upon the surface of 

C r S ^ C ^ the milk. • The same effect will be 

Caustics. produced if a piece of card is fitted 

accurately into the glass a little 
below the top. 

348. Formation of Images by Reflection. — The surface 
of a body, as we have seen (334,) may be considered as 
made up of points ; and to see this surface is to see all 
these points, each of its proper color, and in its proper 
position, with reference to all the others. So,' to form 
an image of the object, is to form an image of all its 
points in their natural position ; and an image of a point 
is formed when all, or only part of the rays emanating 
from it are again collected and reflected to the eye. 

349. There are, however, two kinds of images of 



TT 




Question 347. What is illustrated in the figure of paragraph 347? 348. Ifthe surface 
of a body may be considered as made up of many points, wliat is it to see a body 1 349. 
Ilow inaoy kinds of images of bodies are therel What is the first kind? liow m i»t 
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objects, which in some respects are quite diffei-ent from 
each other. The first kind, sometimes called a virtual 
image, is merely a reflection to the eye of a portion of 
the light that proceeds from an object. The image of an 
object seen in a common looking-glass is of this kind. 
Here no screen is needed, but the observer must be so 
situated as to see the surface of the reflector behind 
which the image seems to be situated. 

The second kind of image is generally formed upon a 
screen of some kind, as a piece of paper, or cloth, or the 
surface of ground glass. In this case the reflecting sur- 
face may be entirely concealed from view ; it is only ne- 
cessary that the surface on which the image is formed 
should be visible. 

350. From what has already been said of the plane 
mirror (343,) it necessarily follows that the image of an 
object seen in it will always appear erect and of the nat- 
ural size, and situated just as far behind the mirror as the 
object is in front of it. Let it be constantly borne in 
mind that the light by which an object is seen emanates 
from each point of that object, and diverges as it advan- 
ces until it reaches the eye. 

Thus, let A B C be three 

points of an object, as a cross, 

which is seen by the eye, E. 

From these three points (as well 

as from every other point of the 

object) rays are thrown off in 

Diverging Bays. ■ cvcry direction, diverging as 

they proceed ; but a small pencil 

of those from each point is intercepted by the eye, and by 

this pencil that individual point is seen. Thus, from 

each point of an object, a cone of rays may be supposed 

to be formed, the base of which is at the pupil of the eye, 

■ and the apex at the point from which the rays emanate. 

Each point, therefore, of the object, is seen by its own 

the observer be situateii in reference to the mirror, In order to see the ima^el Wiial 
is an image of tiie second kind usually formed upon 1 May an imajre of tliis kind be 
observed when the mirror itself is entirely concealed from view 1 350. Where will the 
image of an object seen in ai plane mirror always appear to be situated ? By what is 
each point of an object seen 1 Must each point be seen by its own ii:dependent ccne 
of rays? 
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independent cone of rays ; and, to see the whole assem- 
blage of points of the surface of the body next the eye 
of the observer, is, as before observed, to see the object. 

351. It v^ill be easy now, it is believed, to understand 
the manner in which images are produced by the plane 
mirror. As this mirror reflects diverging rays equal'y 
divergent as before- reflection (343,) the only effect of 
the mirror on the cones of rays from the several points 
of the object will be to turn them all precisely alike out 
of their course, and thus change the apparent place of 
their origin; or, in other words, change the apparent 
place of the object. 

Let A B be a plane mirror ; M 
N, an object placed before it ; and 
E, the eye of the observer ; then, of 
all the rays emitted from the two 
points M and N, and subsequently 
■ reflected from the mirror, those only 
can reach the eye which are so sit- 
uated with respect to it and the 
-^ points M N, that the angles of inci- 

image, Plane Mirror. dcncc and reflection will be equal. 
Suppose the cones of rays M D F 
and N G H, to be so situated ; they will be reflected to 
the eye precisely as diverging as before ; and if they are 
continued backward, they will seem to originate in the 
points m and n respectively. And as the rays diverge 
equally before and after reflection, the points m and n will 
appear just as far behind the mirror as M and N are in 
front of it. The image of an object, therefore, seen in 
the plane mirror, is always of the same size as the object, 
and is situated just as far behind the mirror as the object 
is in front of it. 

352. Virtual images (349) are formed by concave and 
convex mirrors in the same manner as by plane ones ; 
but those produced by the convex mirror are always 
smaller, while those produced by the concave are larger 
than the object. The reason of ii; may be shown without 




Question 351. What will be the etTect of the plane mirror upon (he supposed cone of 
rays from each point of an object 1 What is the dtsign of the figure in paragraph 351 ( 
3o2. May images of the first kind be formed by concave and convex mirrorsi Will the 
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Image^ Convex Mirror. 



difficulty. Let A B be a convex 
mirror, and D F an object in front 
of it. If, now, rays are supposed 
to emanate from the object, a por- 
tion of them from each point will 
be intercepted by the mirror, and 
reflected to the' eye at E ; but, as 
they are made by the mirror to 
diverge more than before reflec- 
tion, they will appear to emanate 
from a point behind the mirror 
nearer to it than the object is in 
front. The point D will appear at D', and the point F at 
F' ; the image being smaller than the object. The points 
D' and F' will always be situated in lines drawn from D 
and F to C, the centre of convexity of the mirror. 

353. When an object 
is placed nearer a con- 
cave mirror than its 
principal focus, an im- 
age is formed by it in the 
same manner ; and, as 
before stated, it will be 
larger than the object. 
Let A B be a concave 
mirror, and M N an ob- 
ject in front of it, nearer 
than its principal focus. 
The rays, after reflection, being less divergent than 
before, the image of the object will appear further from 
the mirror than the object is, and larger. The rays from 
the points, M and N, will appear to originate at M' and 
N', in lines drawn from the centre, C, through M and N 
respectively. 

354. The mode in which real images, or images of the 
second kind, are formed, will be understood by the 
accompanying figure. Let E A, E G, and E B, be three 

imaije of an object seen in a convex mirror be smaller or larger than the object' 
Where will it appear to be situated 1 353. Where, in reference to the concave mirrnr, 
must an object be situated in order that an imajre of this kind may be seen in jtl Will 
it be larger or smaller than the object 1 354. In the tigure in parfjgraph 354, if nn f bjtct 




Image, Concave Mirror. 
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rays emitted from the point, 
E, of an object, E D, in front 
of a concave mirror, A B, 
and further from it than C, its 
centre of concavity. The 
ray, E G, being incident upon 
Image, Convex Mirror. the mirror at its Centre, will 

/^^^<r be reflected just as much be- 

low the axis G H as E G is above it; and to the same 
point will both the other rays from E, E A and E B, be 
reflected. An image of the point E, therefore, will be 
formed at E', a little below the axis, H G ; and, in the same 
manner, an image of the point D will be formed at D', a 
little above the axis. So, the images of the several points 
between E and H will be arranged in their proper order 
below the axis, while those of the part D H will be above 
the axis, the whole forming an inverted image of the ob- 
ject, E' B'. 

355. The size of the image E' D' will be as much less 
than that of the object E D, as its distance from the mir- 
ror is less. That is, the size of the image will be to that 
of the object, as the distance of the image from the mir- 
ror is to the distance of the object. 

If the object is placed at E' D', its image will be 
painted on a screen situated at E D, and will be as much 
magnified as it was diminished in the former instance. 
In this case also the image will be inverted in reference 
to the object. In both cases, it will be observed, the 
image and object occupy the places of the conjugate foci 
(345) of the mirror. 

If an object is placed exactly in the focus of parallel 
rays, no image can be produced, since all the rays will be 
reflected parallel if placed nearer than this, they will be 
made to diverge after reflection, and of course no image 
can be formed in front of the mirror. 

356. Experiments illustrating these principles can 
easily be performed by means of a lighted candle in a 

be placed at £ D, where will the image of the points, E and D, be formed %' Will the 
image be erect or inverted 1 355. How will the size of the image compare with that oi 
tli3 object T If the object were placed at E' U', where would the image be formed 7 
WouW it be larger or smaller than the object 7 WUI an image be formed when the ob 
ifcf t is in the Jucus of parallel rays 1 356, How may experiments be performed to illus 



226 NATURAL PHILOSOPHY 

dark room, and any concave mirror of sufficient size 
Having placed the mirror in a proper position upon a 
table, let the candle be placed near it, as at D' E', but a 
little one side of its axis ; then let a screen, as a sheet of 
white paper, be held at a distance, as at E D, and a per- 
fect image of the flame, but much larger and in an in- 
verted position, will be seen upon it. 

Let the candle be now carried slowly to the right, tlie 
image will at the same lime approach the mirror and will 
become smaller, until at length they will meet at C ; and 
if the candle is carried still further to the right, the image 
will be found at the left of C, and will now be smaller 
than the object. In everj' case the same rule holds in 
regard to the comparative magnitudes of the object and 
image. 

357. Eocpp.riment with a Concealed Mirror. — By means 
of a concealed concave mirror of a large size, various 
illusions have sometimes been practised. 

Let G F be a large 

fQ. j^ concave mirror, not 

less than a foot in 
diameter, and let A 
B be a portion of a 
screen concealing it 
from the direct view 
of the observer, but 
Concealed Mirror. having au Opening in 

it exactly in front of 
the mirror. An object is then placed inverted at C, and 
strongly illuminated by a lamp, which, however, must 
not cast its light upon the mirror. Both the flowers and 
the lamp are also concealed from the spectator, whose 
eye is supposed to be at E. He will, however, see a 
beautiful image of the flowers erect at D, in the opening 
in the screen; but, upon his attempting to lay hold of 
them, a dagger or some other object, to his utter conster- 
nation, instantly takes their place. This is done by a 

trafe the mode iu which images are formed by means of the concave mirror ? 357. 
Hnw may the image of an object be formed so as to be visible to the observer when 
both the mirror and object are concealed ? 
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I^erson behind tlie screen instantly removing the flowers, 
and substituting a dagger in their place. 

358. Besides the mirrors described above, others of 
tiiiTerent forms are sometimes constructed, but they 
always form distorted images of objects. Of this kind 
are cylindrical and conical mirrors, the names of which 
sufficiently indicate their forms. The effect of a cylin- 
drical miiTor may be seen by taking a bright sheet of tin- 
plate in the two hands, and slightly bending its two op- 
posite sides backward, and observing the image of the 
face in it. Every part of the face will appear of the full 
length, but will be diminished in breadth, giving the 
Vvhole a ludicrous aspect. If the upper and lower sides 
of the plate are bent backward, the reverse effect will be 
produced ; the parts of the face will appear of the usual 
breadth, but greatly diminished in length. 

359. Anamorphoses. — Sometimes dis- 
z^-;^^ torted pictures of objects are made, so that 
V»==*i seen in one of these mirrors, all the parts 

of the object shall appear in their true 
proportions. Thus, let A be a cylindri- 
cal mirror, standing perpendicularly upon 
the paper, and let the figure, B C D E, be 
observed as it will be reflected from its 
/ ^ surface. It will then appear as a perfect 

jgC >j^ square, F, the distortion in the picture 

being necessary to give it this form after 
reflection from a cylindrical surface. 
The same law holds here as elsewhere ; the rays of 
light from the different points in the picture, when re- 
flected from the cylindrical surface, make the angles of 
incidence and reflection equal ; and such cases are to be 
considered as natural and necessary consequences of that 
law. Let the student . trace the rays from the several 
points BCD and E, to the eye. The next figure repre- 
sents a more complex case. 

Question 353. May mirrors of other forms, besides those already described, be con- 
structed 1 What is said of the images formed by them f How may the etfect of a cyl- 
indrical mirror be familiarly shown 1 When will the parts of the face be diminished 
in length, and when in breadths 359. Whatmust be the form of a figure that will pro"- 
duce a square when viewed in a cylindrical mirror 1 What are these changes of form 
sometimes called 1 

20 
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The accompanying figure 
represents a cylindrical mir- 
ror, A B, with a distorted 
figure, M N, in front of it, 
the image of which in the 
mirror assumes the appear- 
ance of a regular portrait. 

The changes of form pro- 
duced in this way are some- 
times called anamorphoses. 



Anamorphoses, 



REFRACTION OP LIGHT, OR DIOPTRICS. 

360. We have heretofore seen that a ray of light 
usually moves in a straight line ; but this is the case only 
while it is passing in the same uniform medium, as 
through the air ; when it passes obliquely from one me- 
dium to another, as from air to water or glass, or from 
either of these into the air, it is bent more or less out of 
a straight line, and is said to be refracted. But if the ray 
passes perpendicularly from one medium to the other, it 
is not then refracted. 

Let MN and PQ be two 
media, lying in contact with 
each other, the lower of which 
is most dense, and two rays, as 
A B and C B, passing througii 
them. A B, being perpendicu- 
lar to the surfaces of the me- 
dia, will not be bent out of its 
course, but will proceed in a 
Befra^wn of Light. straight line to E ; but the ray, 

C B, on arriving at B, instead 
f continuing a straight course to D, will be bent down- 




QuESTioN 360. What will be the effect when a ray of light passes obliquely from one 
medium to another of different density 1 Will the ray be retracted when it passes per- 
pendicularly from one medium to the other 1 When the ray passes from a rare to a 
denser medium, in what direction is it retracted ? In what direction is the..i^a7 re- 
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ward, and take the direction B F ; that is, it will be bent 
or refracted toward the perpendicular, B E. On the 
other hand, when a ray passes obliquely from a dense to 
a rare medium, it will be refracted from the perpendicu- 
lar. Let the ray be supposed to pass from F to B, when 
it arrives at B, it will be bent downward from the per- 
pendicular B A, and take the direction B C. 

When the ray passes from the rare medium, M N, to 
the denser medium, P Q, the angle, A B C, is called the 
angle of incidence, and F B E the angle of refraction ; ' 
but, if it passes in the opposite direction, then F B E is 
the angle of incidence, and ABC the angle of refraction. 
The refraction of light may be well 
illustrated by the -following simple 
experiment. Place a piece of money, 
B, in an empty basin, and stand by 
the side of it, having the eye at A, 
just so that the money may be con- 

cealed by the side of the vessel. 

Effects of Refractttm. Then let an attendant pour in water, 
and the money will be seen gradually 
to come into view, and to appear as if situated at B' in- 
stead of B. The ray of light from B, after the vessel is 
filled with water, in passing from the dense medium 
water, to the air, which is much less dense, instead of 
passing directly to C, as it did before the water was 
poured in, is now bent downward, and proceeds to the 
eye at A. But, as an object always appears to be situated 
in the direction of the ray when reaching the eye, the 
piece of money will now appear to be at B', as stated 
above. 

It is in consequence of refraction that a Ipoon in a 
tumbler of water always appears bent at the surface ; 
the rays of light from the part above the water come 
directly to the eye, but those from the part beneath the 
water, being bent downward as they enter the air, cause 



fracted when it passes from a dense to a rare medium 1 By what familiar experiment 
may the refraction of light be illustrated 1 Why does the object become visible as the 
water is poured in ? Why does a spoon in a tumbler of water appear broken at the 
surface 1 



230 NATURAL PHILOSOPHY. 

that part of it to appear elevated above its true ])osition ; 
and of course it will seem to be bent just at the sur 
face. 

361. All substances do not refract light equally, some 
possessing the power of bending it much more out of its 
original course than others ; but it is always to be 
remembered that in any particular case the amount by 
which the ray will be bent out of its course will depend 
upon the nature of the medium it leaves, as well as upon 
that of the medium it enters. Thus, a ray passing from 
air into glass, is more bent out of its course than when 
passing Irom water to glass ; so when the ray passes 
from glass to air, it is bent more from a straight line than 
when passing from gla.ss to water. 

362. Irregular Refraction. — Light is often irregularly 
refracted by passing through a medium, the density of 
which is not uniform. It is the change of density that 
often causes the appearance of veins and irregularities in 
glass and other transparent substances. 

Every one has noticed the peculiar wave-like motion 
that seems to be going on in the air by the side of a hot 
stove or stove-pipe ; it is best seen by attempting to 
look directly by the stove to some object, as a window, 
beyond it. This is occasioned by the unequal refracting 
powers of different portions of the air, as 'they are ex- 
panded unequally, and put in motion by the heat. Ths 
rays of light, in passing through air in this state, are in- 
deed but slightly bent out of their direct course, but it is 
distinctly perceptible to the eye. 

The same appearance is sometimes, though rarely, ob- 
served in the open air, in peculiar states of the atmos- 
phere, in the warm weather of summer. 

363. Refraction of the Atmosphere. — When light trav- 
erses obliquely a medium, the density of which varies 
uniformly, it describes a curve. This is the case with the 



Question 361 Do all bodies refract lijjht equally 1 Will a ray of li^ht be most bent 
out of its original course in passing from air to ^las^s, or from water to glassi 362. 
How is light affected in pasyini' ihroujih a medium of varying density 1 How is the 
\(favfj-lilte motion, often seen in the a:r by the side of a heated stove, accounted lor 7 la 
the Sfime appearance sometimes ob erved ill the open air 7 363. What is Ihe course of a 
lay ul light in paf^el]lg obliquely through a medium, the density of \vh eh varies uni* 
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light of the heavenly bodies in passing through the earth's 
atmosphere, so that we never see them in their true 
places, except when they are directly over our heads. 

Thus, let S be the sun 
in the horizon, and E, a 
section of the earth with 
!>^ the atmosphere surround- 

L"" "^1 " ing it. As the atmosphere 

^ fe is much more dense near 

^^l' the earth than at a distance 

'--"=-'^' from it, (210,) a ray of 

RefTmtim of the Atmosphere. light from the SUU in Or 

near the horizon, after en- 
tering it, as at A, will gradually be bent downward as it 
approaches the earth. A spectator at B, therefore, in- 
stead of seeing the sun at S, its true place, will see it 
considerably higher, as at S'. It is found that in conse- 
quence of the sun's apparent elevation from this cause, 
he actually appears above the horizon at rising about 
three minutes earlier, and, at setting, remains the same 
time longer, than he otherwise would, thus increasing the 
length of the day about six minutes. 

364. Bodies seen in the horizon in peculiar states of 
the atmosphere, sometimes appear singularly elevated by 
this cause above their proper natural position, and are 
said by sailors to loom up. A ship at a distance, or an 
island with the buildings upon it, will appear twice their 
ordinary height above the surface of the sea, while their 
other dimensions remain as usual. This is occasioned 
by the unusually great refracting power of the atmosphere, 
b'y reason of the temperature and the presence of other 
substances, as vapors, floating in it. This appearance is 
often observed in a striking manner on the coast of New 
England, just before the commencement of severe snow- 
storms. 

formly 7 How is the liffht of the sua affected by the earth's atmosphere? Do we ever 
see the heavenly bodies in their true places? Do we see the heavenly bodies when 
near the horizon above or below their true places? How much longer does the sun 
appear above the horizoir at setting, in consequence of refraction, than he otherwise 
would ? ~3fi4. When are distant bodies said by sailors to loom up ? How is this ap- 
pearance occasioned ? Under what circumstances is this phenomenon often seeu oq 
Ule CO 1st of New England ? 

20* 
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365. Total Reflection of Light. — A ray of light can not 
pass from a dense to a rare medium, but is totally re- 
flected, whenever the angle of incidence exceeds a cer- 
tain magnitude, depending upon the nature of the me 
dium. ^ 

Let ABC be a section of a 

prism of glass, and R a ray of 

^y light entering it perpendicularly 

s,^ fi' \ and incident upon the inner sur 

, , ^ \ incidence, P D R, is greater than 

^f_ — =-Ts ^^' 41" 48', none of the hght will pass 

■'^"^ out at D, but the whole will be 

reflected upward to R'. It is, 

therefore, properly said to be totally 

reflected. If the angle, PDR, is a little less than 41° 

48', a portion of the light will pass out at D, and take the 

direction D R". 

The brilliancy of light, when totally reflected, far ex- 
ceeds that reflected from the most perfect mirrors. To 
show this, let a tumbler nearly filled with clear water, be 
held up so that the upper surface of the liquid may be 
seen from beneath ; it will appear of a beautiful silvery 
whiteness, by reason of the total reflection of the light 
incident upon it, and no object held above it will be visi- 
ble through it. 

366. Progress of Light through different Media. — The 
progress of a ray of light through any medium of uniform 
density may always be easily traced by means of the 
foregoing principles, and the result determined. 

In passing through a pane of glass, or any medium 
bounded by two parallel plane surfaces, the direction ot 
a ray of light is not changed, but its position is more o 
less altered. 



(InESTioN 365. What is meant by the total reflection of li^ht 7 What is the p-eales 
aiif^le of incidence a ray of li^lit can have in passing from glass into the air ? What wil. 
be the efftct if tlie angle of incidence is greater than 4P 4b' ? What is said of the bril- 
liancy of light when totally reflected ? How may this be shown by means of a tumbler 
bf clear water? 306. Will the foregoing principles be sufficient to determine the course 
of a ray in passing from one med.um fo another ? Ts the direction of a ray changed w 
parsing a pans of glass which has its two plane surfaces [laralien Will the refraclion 
of the ray, as it leaves the glass, be ju^t equal to tliat which took place as it entered! 
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Parallel Surfaces, 



Thus, let A B be a piece of plate 
glass, the surfaces of which are per- 
fectly parallel, and let C D be a ray 
of light incident at D ; it will, on 
entering and leaving the glass, be 
refracted, according to the laws al- 
ready stated (360 ;) but both refrac- 
tions will be exactly equal in amount, 
and in opposite directions ; that is, 
it will be bent upward at D, and 
downward by an equal amount at K 
so that K E will be parallel to C D. It is, however, moved 
a little to one side from its former position, by the distance, 
in the present case, between K E and the dotted line ex- 
tending from D. This distance must always be less than 
the thickness of the glass. The effect of this upon con- 
verging rays is to prevent their coming to a focus as 
soon as they otherwise would. Let F G H be several 
converging rays ; it will be seen by tracing their course, 
that after emerging from the glass, they are removed a 
little further from each other than they were before, and 
must proceed a little further before meeting. 

367. If the two surfaces of the glass where the light 
enters and leaves it are not parallel, the ray will be bent 
more or less out of its course. 

Let A B C be the section 
of a triangular prism, of which 
A C and C B are the reff act- 
ing surfaces, and A B the 
base. A ray of light, D E, 
from a luminous body, D, on 
entering the glass, will be 
bent downward in the direc- 
tion E F ; and again, on es- 
caping into the air, it will be bent downward in the 
direction F G ; so that both refractions turn it from its 
original course in the same direction. If an eye be 

Will converginf? ravs come (o a focus as soon after passing through a glass of this kind 
as they otherwise would ? What will be the effi-ct upon diverging raysl 367. If the 
two surfaces are not parallel, what will be the effect 1 What is shown In the figure in 
this paragraph 1 Where wiL' the object appear to be situated to an eye at G ? 




Section of Prism. 
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Situated at G, the object, D, will appear to be at d, in the 
direction of G F produced. 

368. Instead of a solid glass prism, as represented 
above, one may easily be formed for the purpose, by hav- 
ing a frame made of tin, or even of wood, and puttying 
in three pieces of glass, and filling it with water or other 
transparent liquid. Or it will ansSVer for many experi- 
ments if made with only two sides, with the space be- 
tween them filled with water. 

369. Lenses. — Lenses are 
made of glass, or some trans- 
parent substance, and are of 
such a form that the rays of 
light in passing through them 
are either collected or dis- 
^'"''- persed. 

The double- convex lens. A, is 
a solid, bounded by two convex surfaces. 

The plano-convex lens, B, is merely half a double-con- 
vex, one surface being convex, as in the double-convex 
lens, but the other plane. 

The double-concave lens, C, has both its -surfaces con- 
cave, like a solid formed of two watch-glasses placed 
back to back, and the space between them filled up with 
transparent matter. 

The ■plano-concave lens, D, has one of its surfaces con- 
cave and the other plane. 

The meniscus, E, is a lens having one surface convex 
and the other concave, and these curves, meet if pro- 
duced. The convexity of one surface exceeds the con- 
cavity of the other. 

The concavo- convex lens, F, like the meniscus, has one 
surface convex and the other concave, but if produced, 
the curves do not meet. The concavity of one surface 
exceeds the convexity of the other. 

In all these lenses, a line, M N, passing through their 

Question 368. Is a solid glass prism necessary for fhis experiment! How may a 
prism be fitted for this purpose ? 369. What are Senses ? What ar*? they usually made 
of? What is the form of the double-convex lens? What is the plajio-convex lensl 
What is the form of the double-concave lens 7 The plano-concave ? What is the form 
of the two surfaces of the meniscus? In what does the concavo-convex lens ditfer from 
the meniscus ? Wliat is the axis of a lens ? 
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centres and perpendicular to their surfaces at this point, 
is called the axis. 

370. The course of a ray 
— through any one of the 

M above lenses may be easily 

I - _, traced in the following man- 

^ > ner. Let A BCD be a 

o spherical lens, (which is 

' _^ only a particular form oF 

Spherical Lena. the double-convcx,) and M 

N O three parallel rays inci- 
dent upon it. The middle ray, N, being perpendicular 
to the surface, will not be refracted in passing through 
the lens ; but the rays, M and O, on entering the lens at 
A and D (being refracted toward the perpendiculars, A 
S and D S,) will be made slightly to converge ; and, on 
leaving the lens, (being refracted from perpendiculars at 
the points B C,) will be made to converge still more ; and 
the result will be to bring them to a focus at F. 

The etfect of the double-convex lens is precisely the 
same as that of the sphere, but somewhat less in degree. 
It is to collect the rays. 

371. The distance of the focus of parallel rays from 
the convex lens depends upon the degree of convexity. 
In the double-convex lens of glass, it is at the distance 
of the centre of the sphere of which the lens is a part ; 
but, in the plano-convex lens, the focus is at the distance 
of the diameter of the sphere, or twice the radius. 

Let A B be a double-convex 
lens, having each of its faces a 
portion of the surface of a sphere 
whose centre is at C, then this will 
be the point to which parallel rays, 
M, will be made to converge. If 
Double Convex Lena. ouc side of the Icus was plane, 
then parallel rays would converge 




Question 370. Why willnot the middle ray, N, in the figure of this paragraph, be re- 
fracted in passing the spherical lens? In what direction will the rays, M and O, be 
lefracted on entering the lens and on leaving it? What will be the result? Is the 
etfect of the double-convex lens the same? 371. Upon what does the distance of the 
focus from the lens depend ? What is the distance of the focus of a double-convejt 
lens ? What is the d, stance in a plano-convex lens? 
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to the point, D, at the distance of the diameter of the 
same sphere. 

372. If the rays are converging before entering the 
double-convex lens, the focus will be nearer the lens than 
the centre, C, but if they are diverging, it will be further 
from the lens. The same effect will also be produced 
upon the focal distance of the plano-convex lens. 

The well-known burning-glass is usually a double-con- 
vex lens ; and its effect, when held in the direct rays of 
the sun, is simply to concentrate the rays of heat, as well 
as those of light, to a point or focus. And the heat at 
this point is as much greater than the heat of the sun at 
the glass, as the surface over which it is distributed is 
less. 

Bm-ning-glasses of great power have sometimes been 
constructed. One made by Mr. Parker was three feet in 
diameter, and had a second smaller lens connected with 
it in order to diminish the diameter of the focus. The 
hsat of the sun when concentrated by it was so great as 
to be capable of melting the less fusible metals, as gold 
and platinum, and other refractory substances. Indeed, 
such an instrument is perhaps capable of producing as 
great a heat as can be produced by any other means. 

373. The effect of the double- 

^9il^--- — ^ concave lens is to disperse the 

^^^||l__A_ rays of light. Let AB be a 

] ^ i Baiji»-c ] ^ M double-concave lens, having both 

i^--^ r""' / ~ '^^ surfaces portions of equal 

--- — IliliiK ^ ^ ^ spheres ; and suppose parallel 

Double Concave Lena. rays, M, to bc incident upon it 

in the manner shown. These 

rays will be made to diverge by passing through the lens, 

and to appear to proceed from a point, as C, which is 

therefore called the virtual or apparent focus. 

The effect of the plano-concave lens, it is easy to see, 

Question 372. If the rays are convergina; before entering the lens will the distRnce ol 
the focus be greater or less than if they were parallel J What is the common burning- 
glass 1 What is its efTect when held in the direct rays of the sun 1 How much greater 
is the heat in its focus than the heat of the sun before beinj^ concentrated 7 What was 
the diameter of Mr. Parker's great burning-glass? Why'wis a second lens used with 
it 1 What is said of the heat capable of being produced by such an instrument? 373. 
What is the efftcl of the concave lens upon rays of light 1 What is its Virtual or appa- 
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will be the same as that of the double-concave, but only- 
less in degree. 

The action of the meniscus is the same as that of a 
double-convex lens of the same focal distance, the effect 
of the convex side in converging the rays being greater 
than that of the concave side in separating them. So 
the effect of the concavo-convex lens is the same as that 
of the double-concave lens, but less in degree. 

374. Formation of Images hy Lenses. — Images are 
formed by lenses much in the same manner in several 
respects as they are by mirrors. As we have before seen 
(350,) rays of light are emitted from every point of a visi- 
ble object ; and when the object is so arranged with 
reference to a convex lens that a portion of these rays 
from each point are again united in regular order, an 
image of that point will be formed. 

Let L C L be a 
double-convex lens, 
and M N an object 
in front of it. From 
every point, as M, 
rays are emitted in 
every direction; but 
a cone of them rep- 
resented by M L L, 
is intercepted by 
the lens, and again 
united at^wi, forming there an image of the point M. In 
the same manner, by a cone of rays emitted from N, an 
image of this point will also be produced at n; and thus 
an image of all the points of M N will be formed in m n, 
in their proper order, though in an inverted position, in 
reference to the object. 

375. The size of the image will always be to that of 
the object as its distance from the lens is to the distance 
of the object from the lens. 

rent focus 1 What will be the effect of a concave lens upon converging rays ) How 
will diverging rays be affected? What is said of the action of the meniscus ? 374. 
When will an image of Jin object be produced by a convex lens t May we consider the 
images of all the points of the object to be formed separately ? What will be the posi- 
tion of the image m reference to the object 'i 375. Upon what will the size of the image, 
as compared with the oty'ect, depend ? When will the image be smaller than the ob. 
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Image of Candle. 



An easy experiment illustrating these points may be 
readily formed in the evening, or in a darkened room, by 
means of a candle and a common magnifying-glass, or 
one lens of spectacles used by an aged person. 

Suppose A B to be a glass 
of this kind, and C D the 
flame of a candle placed at a 
considerable distance from 
it. As before explained, a 
diminished and inverted im- 
age of the flame will be 
formed on a piece of white 
paper held at C D'. If, now, we place the candle at C 
D', and the paper at C D, an inverted but enlarged image 
of the candle will be formed upon it. But the candle 
must always be a little further from the glass than the 
principal focus, as there will be no image formed when it 
is brought nearer than this. 

The efliect of the concave lens being to disperse the 
rays of light, it is evident no image can be formed by it. 
376. The formation of images by spherical lenses is 
attended by a practical difficulty which it has not yet 
been found possible entirely to avoid, called spherical 
aberration. 

Let A B be a very convex lens, 
and let CDEFG be parallel 
rays, the central one of which, E, 
being in the axis of the lens, will 
pass perpendicularly through it, 
without refraction. But the other 
four rays, being inclined to the 
surface of the glass, will be more 
or less refracted in passing through it, and, as before 
explained (370,) will be brought to a focus. But it will 
be seen, by a little examination of the figure, that the 




Spherical Aberration. 



Ject, and when larger 7 How may experiments illustrating these principles be readily 
performed 1 Will the magnitude of the image depend in any degree upon the diameter 
of the lensl Will two lenses of the same convexity form imajjes of the same magnitude, 
whatever may be their comparative drameters7 Why will the image formed by tlie 
larger lens be brightest ? Can images be produced by the concave lens? 376. Wliat 
practical difficulty attends the formation o(^ images by spherical lenses? Wlien paraliel 
rays pass through a convex lens, will all of them meet in the same focus? Are the rays 
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rays D and F nearest the axis are less inclined to the 
surface of the glass as they enter it than the exterior rays 
C and G ; they will therefore be less refracted, and will 
form their focus further from the glass than the exterior 
rays. The focus of the former rays will be at n, while 
that of the latter will be at m, where they will cross each 
other. 

Now, if with such a glass we attempt to form an image 
of any object, the result of course is, that instead of a 
single well-defined image, the tendency is to produce 
several images at different points which will confuse, and, 
in a measure, destroy each other. This defect may, to 
some extent, be remedied in large lenses by covering all 
the lens except a small part at the centre, and thus ex- 
cluding all the rays except the central ones ; but this 
greatly diminishes the quantity of light. By means of 
the meniscus, and also by different combinations of pla- 
no-convex lenses, the difficulty may be in a great mea- 
sure avoided, but no means have yet been devised by 
which, in the use of spherical lenses, it can be completely 
dispensed with. 

377. To remedy this evil it has been proposed to con- 
struct lenses of other forms than the spherical ; but the 
mechanical operations required in grinding and polishing 
them are so difficult that the project has been relin- 
quished. 



SEPARATION OF THE DIFFEKENT COLORED RAYB, OR 
CHROMATICB. 

378. White light, as it is emitted from the sun or other 
luminous bodies, is composed of rays of several different 
colors, which may be separated from each other. New- 
ton, who first gave his attention to this subject, reckoned 

Dear the axis ofthe lens or tbose further from it 'brought to a focus nearest the lens? 
Will a single image be formed by such a lens t How may this effect be to some extent 
remedied 1 Have any means yet been devised by which it can be completely avoided 1 
377. Why has it been proposed to construct lenses of other forms % Why has the pro- 
ject been relinquished 1 378. What is white light, as it is emitted from the sun and 
other luminous bodies, composed of 1 How many colored rays did Newton suppose 
enter into the composition of white light 1 What colored rays only are contained in 
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no less than seven colors as composing white light, viz. : 
red, orange, yellow, green, blue, indigo, and violet, which 
he called primary colors ; but the more recent investiga- 
tions of Brewster have rendered it probable that the white 
ray of the sun contains only three rays, the red, the yel 
low, and the blue. The other colors of Newton are pro- 
bably produced by different combinations of these three. 
Newton's method of separating the several rays was 
by means of the triangular prism, which is only a solid 
piece of glass, bounded by three perfectly plane faces. 
Usually the faces are equally inclined to each other, but 
this is not essential. 

Let a ray of light 
from the sun, S, be ad- 
mitted through a hole 
in the window-shutter, 
D E, into a room from 
which all other light is 
excluded ; it will form 
on a screen placed a 
little distance in front a 
circular image, W, of 
white light. Now, in- 
terpose near the shutter 
a glass prism, ABC, 
and the light, in passing through it, will not only be re- 
fracted, but the several colors of which white light is 
composed will be separated, and will be arranged in 
regular order on the screen immediately above the image, 
W, which will disappear. The violet ray, it will be 
seen, is most refracted or bent out of its course, and the 
red least, while the other colors are between them ; the 
whole forming on the screen an elongated image of the 
sun, called the solar spectrum. 

The separation of the several rays is evidently occa- 
sioned by their different refrangibilities, the glass of the 
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Solar Spectrum. 



white light, according to Brewster t How are the other colors of Newton produced 1 
What was Newton's method of separating the several colored rays i What is illus- 
trated by the figure in this paragraph 1 What ray is refracted most, and which least J 
What ig the aolar spectrum 7 How is the separation of the rays occasioned \ Are 
the eolort of th« qieetmm separated by a distinct line ? Will the width of the severe 



OPTIC*. 341 

prism having thfe power to turn some further out of their 
course than others. But it is to be observed that these 
colors in the spectrum are not separated from each other 
by distinct and well-defined, edges, but each runs into the 
other, the red shading off by imperceptible gradations 
into the orangey the orange into the yellow, the yellow into 
the green, &c, 

Newton, indeed, and others since his day, have at- 
tempted to measure the width of the several colors in the 
spectrum ; but, as might be expected, the results obtainea 
by different individuals are far from being uniform. And 
it is now known that their apparent width, compared 
with the whole width of the spectrum, will greatly de- 
pend upon the particular kind of glass, or other transpa- 
rent substance, which may be used. The results with a 
prism of flint-glass, for instance, will be different from 
those obtained when one of crown-glass is u^d ; so also, 
if a prism of water contained in a prismatic glass vessel 
(368) is made use of, the results will be entirely different 
from those obtained with a prism of alcohol, or sulphuric 
acid, or solution of salt. 

379. It appears, therefore, that the white light of the 
sun is composed of several differently colored rays, and 
the effect of the prism is merely to separate them from 
each other. 

It matters not in practice whether, with Newton, we 
consider that there are seven differently colored rays, or 
with Brewster, that there are only three, since the results 
will be the same. If a second prism, AFC, precisely 
like the first, be placed beyond it, but in contact with it, 
and in a reversed position, the several rays which are 
separated by the first prism will be reunited by the second, 
and beyond it nothing but the pure white light of the sun 
will appear. 

The several colored rays may also be recombined by 



colors be the Bame whereprisms of diiTerent refracting substances are used 1 If hot. 
low prisms filled with different liquids, as water and alcohol, are used, will the widtli 
of the colors be the same 1 379. Is it important whether we consider that the solar 
beam is composed of seven colored rays, or only three 1 How is it shown that the 
reunion of the colored rays of the spectrum will produce white light T May the colored 
ravs also be reunited by a convex lens, so as to produce white light i 
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holding a convex lens near the prism between it and the 
screen, so as to bring them to a focus, which will be per- 
fectly white. 

380. The same point may' be illustrated further by 
mixing powders of the several different colors in the 
proper proportion, which will produce a greyish-white. 
A pure white can not be produced in consequence of the 
impossibility of obtaining powders of precisely the proper 
shade. 

If we take a circle of wood and put 
a pin through its centre for it to re- 
volve upon like a top, and divide it 
into sections, R, O, Y, G, B, I, and V, 
of the proper proportions, by pasting 
upon it pieces of paper of the different 
colors of the spectrum, when it is made 
to revolve rapidly, the whole will ap- 
" pear of a gi'eyish-white as before. 

381. On the undulatory theory, which has already 
been partially explained (330,) these different colors are 
supposed to be produced, not by rays of different colors, 
but by differences in the amplitude and rapidity of the 
vibrations in the universally diffused ether, occasioned 
by passing the prism. According to Sir John Herschell, 
the extreme red ray is produced by waves, or undula- 
tions, the length of which is 266 ten-millionths of an inch, 
and 458 millions of millions of them occur each second, 
while the length of the waves producing the extreme 
violet is only 167 ten-milHonths of an inch, and 727 mil- 
hons of millions take place in a second. In the other 
colors of the spectrum, both the length of the waves, and 
the number occurring in a second, are intermediate be- 
tween the numbers above given for the red and the 
violet, the extreme rays of the spectrum. 

382. The solar ray may also be decomposed by passing 

Question 380. How may the same point be further illustrated by means of paints? 
Can a pure white be produced in this way 1 What is the reason 'i 381. How are the 
different colors of the spectrum produced on the undulatory theory 7 What is sup 
posed to be the extent of tlie waves producing the extreme red ray of the spectrum? 
How many of them occur in a second 7 What is the length of the waves which pro- 
duce the extreme violet, and how many occur in a second l 382. By what other 
means may the solar ray be decomposed f If we look at the solar spectrum through a 
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it through some medium that is capable of absorbing 
some of the rays and transmitting others. If, for in- 
stance, a beam of white light be passed through a clear 
blue glass, it emerges of a^ne blue color, having lost in 
the glass the rays which, when mixed with it, produced 
the white light. To determine what rays these are, it is 
necessary only to look at the solar spectrum through the 
glass ; the red and the orange will then disappear, while 
the yellow will be greatly increased in width, occupying 
■> a portion of the space before covered by the orange on 
one side, and the green on the other. It appears, there- 
fore, that the glass absorbed the red rays which, when 
mixed with the yellow, constitute the orange, and also 
the blue, which, with the yellow, constitute green. 

383. By experimenting in this way with differently col- 
ored media, it is found that there are in reality only three 
colored rays in the . solar spectrum, the red, the yellow, 
and the blue, and that certain mixtures of these produce 
the other colors. The solar spectrum may be considered 
as made up of three other spectra, one of red, one of yel- 
ow, and one of blue, which overlap each other. Each 
3olor extends over the whole of the spectrum, but is much 
nore intense in that part where that color predominates. 
The red is most intense in the middle of the red space, 
the yellow in the middle of the yellow space; and the 
blue between the blue space and the indigo. 

Let C H represent the 
solar spectrum, the let- 
ters r, 0, y, g, h, i, v, in- 
dicating the place of the 
several colors of the 
spectrum, red, orange, 
yellow, green, &c. We 
may suppose the curves 
R, Y, and B, to indicate the relative intensities of the 
three supposed primary colors, red, yellow, and blue, and 
also the parts of the spectrum where each is most in- 

blue glass, what colors will disappear, and what colors will be increased in width J 
What is the occasion of this 1 383. By experimenting in this manner withglasses 'if 
other colors, what rays only, are we led to conclude, are contained in the solar spec- 
trum ? How are the other colors produced ? Does each of these colored rays extend 

21* 
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tense. Thus, the red, R, commences at C, and at once 
attains its greatest intensity, and then diminishes, becom- 
ing very faint toward H. The yellow, Y, likewise be- 
gins at C, but does not so sooij attain its full intensity, 
and extends further toward H, while the blue, B, com- 
mences very faint at C, and becomes most intense near 
the other extremity of the spectrum, H. Neither the 
red nor the blue is as intense j^s the yellow, as is designed 
to be indicated by the curve Y rising higher than the 
others. 

Each of the other colors, it will be seen, is composed 
chiefly of two of the primary colors, with a little of the 
third. Thus, the orange is made up of the red and yel- 
low, with a very little of the blue, and the green is com- 
posed of a mixture of the yellow and blue, with a little 
red. 

384. The green, because of its ppsition in the spec- 
trum, is sometimes called the medium or mean ray ; but, 
though this color is usually near the middle of the spec- 
trum, it is found that the distance at which the extremes 
will be removed from it will depend upon the nature of the 
prism. A prism of hollow glass, filled with oil of cassia, 
for instance, will form a spectrum twice as long as one 
made of solid flint glass ; and of course the two extremes 
will be removed at twice the distance from the mean. 
Hence, the oil of cassia is said to have a greater disper- 
sive power than the glass, because it spreads or disperses 
the spectrum over a greater surface than the glass. 

385. Flint-glass, which contains in its composition 
oxide of lead, has a greater dispersive power than crown- 
glass, which does not contain this ingredient. If, there- 
fore, ABC (378) be a prism of flint-glass, and A F C a 
similar one of crown-glass, though the spectrum will dis- 
appear, and the luminous spot, W, be reproduced, it will 

over the whole spectrum ■? Where is the red most intense? Where the yellow? How 
is this illustrated in the figure 7 What is said of the composition of each of the colors 
of the spectrum besides the three primary rays? What is the orange chietly composed 
of? 3S4, Why is the green sftmetimes called VaGmean rayl Does it always occupy 
the middle of the spectrum 1 Wdl the length of the spectrum depend upon the nature 
of the prism used ? What is said of the spectrum produfcd by a prism of oil of cassia? 
What IS meant by ihs dispersive, power ol a. pnsm.) 385. What is said of the dispersive 
power of a prism made of flint-glass, as compared with one of crown-glass? If two 
prisms, similar in form, bul one of tirnt-glass and the other of crown-glass, are com- 
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not be composed of pure white light, as was the case 
when two prisms of the same kind of glass were used 
(379,) but colored on one side with red, and on the other 
with purple. This is occasioned by the unequal disper- 
sive power of the two kinds of glass producing spectra 
of unequal lengths, though the mean ray is equally re- 
fracted by both, and therefore the luminous spot produced 
just where it was before. 

386. But though some prisms expand the spectrum 
much more than others, they do not in such cases expand 
all the differently colored bands equally. The oil of 
cassia prism, alluded to above (384,) will form a spectrum 
twice as long as one of flint-glass ; but the violet and in- 
digo bands will be ■ much more expanded in proportion 
than the red and the orange. If two prisms, one of oil 
of cassia, and the other of sulphuric acid, are used, this 
difference is very striking 

387. The solar spec- 
trum furnishes the 
means of producing 
some of the most gor- 
geously colored figures 
that can be presented 
to the eye. Let a ray 
of light, S, from the sun 
be admitted through a 
window-shutter, D E, 
of a darkened room upon a glass prism, ABC, as before 
(378,) and hold a little beyond it in the colored ray a 
glass tube, T, about an inch in diameter, and there will 
-immediately be formed upon the screen, an ellipse of the 
most beautiful colors, which will vary with every motion 
of the tube. The form will also vary as the tube is 
held more or less inclined in the'ray, approaching, when 
it is held in one position, nearly to a circle, and when 
held in another position, becoming a very elongated 
ellipse. 

If for the tube other transparent or reflecting bodies 

bined as represented in the figure in paragraph 378, will white light be reproduced as 
when two prisms of the same kind of glass are used 1 What reason Is given 1 387. 
What is said of the colored figures that may be produced by means of the solar spec 
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are substituted, regular figures of every conceivable form 
may be produced, all of them displaying the richest tints 
of the rainbow. A tumbler of cut glass partly filled with 
clear water, substituted for the tube, produces some of 
the most beautiful figures, while the slight motion of the 
water causes a flashing of the colors, occasionally not 
unlike the colored Aurora Borealis, sometimes seen. 

These experiments are easily performed, and equal in 
brilliancy any thing that can be produced in the whole 
range of optical science. (Sil. Jodr., Vol. XLVIII, 
page 137 ) 

388. Fixed Lines of the Spectrum. — When a narrow 
line of light is admitted through a slit in the window- 
shutter of a darkened chamber, and made to fall upon a 
good prism of glass, the spectrum thus formed will be 
crossed throughout its whole extent by dark lines of dif- 
ferent breadths, which can be best seen by a telescope 
standing at the distance of some 10 or 12 feet. These 
lines can also be observed by looking at the narrow slit 
by which the light is admitted, through the prism , and 
the effect is said to be considerably increased if a bottle 
of nitrous acid gas is interposed between the glass and 
the light. 

None of these lines correspond to the boundaries of 
the different colors, though the whole number is not less 
than 600. Perhaps the most important point connected 
with these lines is, their constancy for the same kind of 
light, or light from the same source. Thus, the spectrum 
formed by the light of the sun, whether derived directly 
from this luminary, or whether it be reflected from some 
other body, as the moon, always exhibits the same lines ; 
but almost every fixed star has its own system of 
lines. But the spectra formed by the light of the stars 
Sirius and Castor are precisely alike. 

It is a little remarkable that the spectrum formed by 
lamp-light contains none of these dark lines ; but in some 
cases distinct bright lines appear instead of them. 

trum? What is said of the flashing occasionally produced when a tumbler of Clearwater 
is held in the epectrum 1 388. How may the fixed lines of the spectrum be seen? Are 
these lines always the same for light of the same kind 1 What is said of the lines seen 
m the light of different fixed stars? Are these lines seen in the spectrum formed by 
the light of a lamp 1 
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389. Illuminating Power of the Spectrum. — The great- 
est illuminating power of the spectrum appears to be in 
the yellow band, and from this it decreases toward both 
extremities. The best method to determine this point is 
to throw the spectrum upon a screen on which is some 
tolerably fine print, and observe where the print can be 
read most distinctly. 

390. Colors of Bodies. — The color of a body is not the 
result of any thing naturally inherent in the body itself, 
but depends upon its relations to light. Whatever may 
be the color of a body, when held in the red ray of the 
spectrum, it is itself red ; and when held in the blue, it is 
blue, &c. ; the color in any case being of course more 
brilliant when the natural color of the body corresponds 
with that of the ray in which it is held. A red wafer, 
for instance, when held in the red, is red, and when held 
in the yellow, is yellow ; but the red is more brilliant 
than the yellow, because the natural color of the wafer 
corresponds with the color of the ray. The color ol a 
body, therefore, is the color simply of the light it reflects. 
A red substance is one that has the power of reflecting 
the red, while it absorbs or stifles all, or nearly all, the 
other rays ; a green substance is one, the surface of 
which reflects the green, while it absorbs the other rays, 
and so of the other colors. The different shades of tint 
observed in bodies are all occasioned by different mix- 
tures of the primary rays. 

391. Bodies that reflect all, or nearly all the light 
which falls upon them, are white, while those that absorb 
nearly all are black. But probably no substance is capa- 
ble either of reflecting or absorbing all the rays that fall 
upon it. 

392. Theories have been proposed to account for the 
great difference in bodies in their effects upon light, by 

Question 389. Where is found the greatest illuminating power of the spectrum 1 
390. Upon -wtlat does tlie natural color of a body depend 1 Will any body, whatever 
its color, when held in one of the rays of the spectrum, appear of the same color as that 
lay ? Why will a red wafer, when held in the red ray, appear of a more brilliant color 
than when held in any; other ray 1- What, then, is the color of a body 1 When is the 
color of a substance said to be red 1 When is it said to be green 1 Upon what do the 
different shades of lint, observed in bodies, depend 7 391 . When will a body be w hite ■? 
When black 1 392. Is it known why a body reflects a ray of a particular color and 
absorbs all the others ? 
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which theii* wonderful diversities of color are produced, 
but the subject is yet little understood. Why one sub- 
stance should be red, and another yellow, orange, or blue, 
— that is, why a body should reflect a particular one of 
these colors and absorb all the rest, is a question which 
in the present state of science can not be determined. 

393. Some substances that are of themselves opake, or 
nearly so, become transparent, or at least translucent, by 
being moistened with some transparent fluid. Thus, 
common writing-paper, especially when tolerably thick, 
is quite opake; but it becomes very translucent when 
saturated with oil, by which the light is transmitted, 
though it was incapable of passing these minute intersti- 
ces when void, or filled only with air. 

394. The Rainbow. — The rainbow is a splendid natural 
phenomenon, consisting of a colored arch apparently sus- 
pended in the sky, usually seen after a shower of rain in 
that part of the heavens opposite to the sun. When the 
circumstances are favorable there are always two bows, 
one within the other, the inner one being brightest, and 
therefore called the primary how. The other is called 
the secondary bow. 

395. The rainbow is also sometimes seen in the spray 
produced by a cataract, as at Niagara Falls, or by 'the 
dashing of the waves upon the shore of the ocean. But 
in all cases the cause is the same, viz., the decomposition 
of the light of the sun by the falling drops of water in the 
manner of the prism (378,) and its subsequent reflection 
to the eye of the observer. The position of the bow, 
whether seen in the drops of falling rain, or in the spray 
of the cataract, will always be on the opposite side of the 
observer from the sun ; that is, in looking at the bow; in 
front of him, he will have the sun behind him. On fur- 
ther examination, it will be found that the sun, the eye 

Question 393. How may some opake bodies be made translucent 7 Whydoespaper 
oecome translucent when its pores are tilled with oil or water? 394. What does the 
rainbow consist of? In what part of the heavens is it seen 1 How many bows are 
Been when The circumstances are favorable ? By what terms are these two rainbows 
distinguished? 395. In what is the rainbow sometimes seen ? Is the cause always the 
sampi Will the bow always be seen on the side of the observer opposite the sun 1 
What is said of the relative positions of the sun, the eye of the observer, and the centra 
of the bow? 
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of the observer, and the centre of the circle of which the 
bow forms a part, will be in the same straight line. 

396. To understand the man- 
ner in which the light is de- 
composed and reflected to the 
eye, let us suppose ABC to be 
*"' a drop of water suspended in 
the air, and S a ray of light 
from the sun to strike it at A. 
As the water is more dense 
than the air in which the ray 
has been moving, on entering the drop, instead of proceed- 
ing onward in a straight line to D, it will be bent down- 
ward to B, and then from the interior surface it will be 
i-eflected back to C ; and on emerging into the air again 
at C, it will be bent upward and proceed to O, as if com- 
ing from D. Now, the white light of the sun's rays is 
always decomposed, more or less, when refpacted ; conse- 
quently, at A, some separation of the primary rays must 
take place, which, however, will be increased at C. From 
a single drop, therefore, all the colors of the spectrum will 
be produced, the violet, as it is most refracted (378,) 
being highest, and the red lowest, with the other rays 
between them. If it were possible, therefore, to suspend 
a single drop of water in the air, as supposed, at the dis- 
tance at which the bow is formed, and to receive on a 
screen in a dark chamber the several rays thus decom- 
posed and reflected from it, we should form a solar spec- 
trum, as perfect as that produced by the prism, only it 
would be exceedingly faint, because of the small quantity 
of light. 

If we place the eye in the solar spectrum produced by 
the prism, as a general thing, only one ray can enter, the 
other rays all passing either above or below the eye. So 
of the colored rays separated by the drop of water in the 
air, only one of them could be seen by the eye while in 

QtTESTioN 396. What will be the coarse of the ray in the drop of water as illustrated 
in the figure 1 If it were possible to suspend a single drop of water in the heavens at 
the proper distance, would it give all the colors of the spectrum 1 If the eye is placed 
in the solar spectrnm formed by the prism, why will only one color, as a general thing, 
be seen T Woald avly one of the colors produced by the drop of water be seen ? 
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the same position, but they could all be seen in succes 
sion by raising or depressing the eye. 

397. Let us suppose thai 
there are several drops placed 
side by side one above the 
other, as A, B, C, in the ac- 
companying figure. To pre- 
vent confusion, we will trace 
the course of only three rays, 
• the violet, the yellow, and the 
red. Let S S S be the rays 
of the sun, which will be par- 
allel. From the uppermost 
drop, A, the several colors 
will emerge, as above de- 
scribed ; but the violet and 
yellow will pass above the 
eye at E, the red only, which is least refracted, entering 
it. The drop, A, therefore, will appear entirely red. Oj 
the rays from the next drop, B, the yellow only, we will 
suppose, enters the eye, the position of the drop being 
such as to bring this to the eye, while the two extreme 
rays pass one above, and the other below it. This drop, 
therefore, will appear yellow. From the lowest drop, C, 
only the most refracted ray, the violet, will enter the 
eye ; all the others not being bent upward sufficiently, 
will pass below it. Its color, therefore, would be violet. 
It will be seen, therefore, though the several colored 
rays which emerge from each drop, reckoning downward, 
would be in the order violet, yellow, and red, yet to the 
observer, looking at them in their position, this order 
would be reversed ; and he would see the red highest, 
then the yellow below it, and then the violet lowest. 
Now this is the order in which the colors are always seen 
in the primary rainbow ; the red occupies the highest or 
outside edge of the bow, and the violet the inoide, the 

QnBsTiON 397. But if there are several drops perpendicularly over each other, what 
will be the effect t What three colors are supposed to be reflected to the eye from the 
three drops in the figure in this paragraph 1 Why does the eye receive only the red 
from the first or uppermost drop t And why is the violet ray only received from th8 
lowest drop? What becomes of the other rays? What is the order in which the cot 
ors always appear In the primary rainbow 7 
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other colors being intermediate in regular order between 
them. 

398. It is evident that in the production of the rain- 
bow, drops of water can not remain suspended in the, air, 
as we have supposed, but the effect is the same. The 
drops are indeed constantly falling, but at any point from 
which a particular ray comes to the eye, they succeed 
each other with such rapidity, that the effect is the same, 
in decomposing the light, as if a single drop had remained 
suspended there. 

399. Exterior to the primary bow, and at a distance 
from it, is the secondary rainbow, which is always less 
brilliant than the primary, and has the several colors in 
the reverse order. That is, in the secondary bow the 
violet is outermost, and the red on the inside edge, with 
the other colors in their proper order between them. 

To understand the mode 
in which this is formed, let 
A B C D be a drop of wa- 
ter, and S, a ray of white 
light from the sun, entering 
it at D. On entering the 
water, by the law of refrac- 
tion it will be bent upward 
stamdary Boa. to C, from which it wiU be 

reflected by the interior 
surface to B, and from that to A, where it will again 
emerge into the air, and will be bent down to E, the sev- 
eral colored rays being separated from each other as 
before. In this case, 'however, the red, being least re- 
fracted, will be uppermost, and the violet lowest. And 
if we suppose several drops to be arranged above each 
other as before, it is easy to see that the order of the 
colors must be the reverse of that in the primary rainbow, 
as is really the case in the secondary bow. 

The position of the two rainbows, and the order of the 

Question 398. Do drops of water actually remain suspended in the air in this man- 
ner? How then are colors formed 1 399. Where is the secondary rainbow situated in 
reference to the primary bow 1 What is the order of the colors in the secondary bow 1 
Wliat is shown in the first figure in paragraph 399 % What is shown in the second 
ilguref 

22 
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Rainbouf. 



colors in each, will be as rep- 
resented in the accompanying 
figure. S S are the rays of the 
sun, and E the eye of the ob- 
server. The extreme colors 
only, the red and the violet, 
are represented, the others 
being supposed in their proper 
order between them. 

400. It will be observed that 
in the production of the pri- 
mary rainbow the light undergoes two refractions, one on 
entering the drop of water, and the other on leaving it, 
and one reflection ; but in the secondary bow it is twice 
refracted, once on entering the drop, and again on leav- 
ing it, as before, and twice reflected. Now at every re- 
fraction and every reflection, a portion of the light is ne- 
cessarily lost ; we see, therefore, why the colors of the 
secondary bow should be less brilliant than those of the 
primary, the light in producing it having to undergo one 
more reflection. 

Other rainbows, besides these two, are theoretically 
possible, in forming which the light must undergo more 
than two reflections in the drops of water, but the colors 
become by so many reflections too faint to be observed. 
401. As the sun, the eye of the spectator, and the cen- 
tre of the bow, must always be in a straight line, we per- 
ceive why the rainbow is seen in time of rain only in the 
morning or evening. Suppose a rain- cloud to pass over 
the observer as early as 3 o'clock* in the afternoon, with 
well-defined edges, so that the sun makes his appearance 
as soon as, or even a little before, the rain has ceased fall- 
ing at the point where he is standing ; a line drawn from 
tlie sun through his eye, on account of the sun's being so 
high in the heavens, would, if continued, strike the 
ground so near him as not to allow of the formation of 
the bow. 

Qttestion 400 How many reflections and refractions does the light undergo in pro- 
ducing the primary rainbow 1 How many in producing the secondary bow ? Why is 
the secondary bow less brilliant than the primary 1 Are other rainbows possible 1 
Why are they not seen ? 401. Why is the rainbow seen only ci^rning^or evening^ 
What is the greatest altitude the sun can iiave when the primary bow is seen t If tha 
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The altitude of the sun above the horizon where the 
primary bow is seen by an observer situated upon the 
level surface of the earth, can not be more than about 41 
or 42 degrees ; but if the observer be upon a high moun- 
tain, he may often see it formed below him when the sun 
is higher in the heavens. So, if the observer be on a 
plain, the magnitude of the bow can not exceed a semi- 
circle, but it is not so to a person on a high mountain. 

Rainbows are sometimes formed by the light of the 
moon, but the colors are exceedingly faint, so as to be 
scarcely perceptible. 

402. Halos. — The circles often seen around the sun and 
moon are produced by different refractions and reflections 
of the light, in passing through the particles of moisture and 
other exhalations, contained in the atmosphere. Some- 
limes it is supposed they are occasioned by small crys- 
tals of ice, which are no doubt, even in warm weather, 
often produced by the cold which is known to prevail in 
the upper regions of the atmosphere. Sometimes sev- 
eral circles are seen at once around the sun or moon, but 
they do not usually have the same centre, which for each 
circle is at a little distance from the luminary. When 
there is but a single circle, the luminary always appears 
exactly in its centre. Not unfrequently, besides the cir- 
cles surrounding the luminary, several other circles and 
parts of circles are seen crossing each other in various 
directions, some of which will have the luminary in their 
circumferences, and some will be at a distance from it, 
and apparently having no connection with it. To all 
these the term halo ha's been indiscriminately applied. 
Mock suns or corona appear to be usually only small frag- 
ments of arcs of circles, and are generally seen in pairs 
at equal distances from the sun, on opposite sides. 

The accompanying figure is a representation of the 
halo which was seen in the State of Connecticut, and 
in other parts of our country, about the middle of the day, 
September 9, 1844. It is made from a sketch taken by 

observer is standing on a plain, what is the greatest magnitude the bow can havel 
May rainbows be formed by the light of the moon 1 402. How are the circles often seen 
around the sun and moon produced 1 May crystals of ice exist in the upper regions oi 
'.he atmosphere in places in warm latitudes 1 Are there sometimes more than one cir- 
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the eye at the time, the observer being supposed to face 
the south. Around the sun, S, were two distinct circles 
not concentric with each other ; and at A and B, above 
and below the sun, where these circles crossed or over- 
laid each other, were two bright coronse. North of the 
sun, and having the sun in its circumference at the south, 
was the large circle S D C E, which was very distinct 
and fully formed. At C, the segments of two other cir- 
cles appeared crossing each other, and also the circle 
S D C E. These segments were very distinct, but the 
rest of the circles, of which they formed a part, indicated 
by the dotted lines, though at times perceptible, were 
very faint. The two circles around the sun at times ex- 
hibited the colors of the rainbow with considerable vivid- 
ness, but all the others were white. At Jackson, Ten- 
nessee, a combination of circles very similar to these 
was seen January 1st, 1824. (Sil. Journal, Vol. VII., 
p. 384.) 

403. Mirage. — A very singular phenomenon called 

cle 7 What are mock-suns ? Where was the halo seen represented in the accompany, 
ng figure 7 Didauyof these circles exhibit the colors of the rainbow ? 4*3. Whatoc* 
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mirage, which is occasionally seen in different coun- 
tries, appears to be occasioned by a peculiar state of 
the atmosphere in the place, the lower parts near the sur- 
face being much more dense, and of course refracting the 
light more (363) than the .parts immediately above. 
This, as we have seen, always takes place to some extent ; 
but in some cases, from the operation of causes which 
are not altogether understood, the difference in the den- 
sity of the lower and upper parts of the atmosphere 
becomes greatly increased ; and rays of light from objects 
at the surface, which are at first emitted in a direction 
that would carry them high above the earth, are, by the 
unequal refraction of the different strata of the atmos- 
phere, gradually bent so much out of their original course 
as to be again returned to the surface. In such a case 
an image of the object will be seen, more or less elevated 
above the object itself, in the direction of the rays as 
they enter the eye (363.) 

Thus, let A B be an 
object in the horizon 
seen directly by the eye, 
E, by the rays A E and 
B E, through the strata 
of air near the surface of 
uniform density. At the 
same time, rays will be 
emitted in other direc- 
tions, as A m, and B n ; 
and if the density of the 
air through which these rays pass diminishes with suffi- 
cient rapidity, they may be bent so much out of their 
original course as to be brought down to the eye, E, of 
the spectator, and he will see an image of the object in 
the air, as A' B'. 

404. If the density of that portion of the atmosphere 
through which the ray A m from the top of the object 
happens to pass, diminishes more rapidly than that por- 

casions the phenomenon called mirage f May the density of the air above us dimin* 
jBh so rapidly as to cause rays of Tight from distant objects that would otherwise 
pass over our heads to be brought down to the eye 1 Will an image of the object 
be then seen in the air 1 How is this illustrated in the accompanying figure 1 404. 
Under what circumstances will the ima^e appear inverted 1 May this phenome. 

22* 
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tion through which the ray B n from the lower part of 
the object passes, then the former may be bent down- 
ward so much more than the latter as to cross it ; and as 
a necessary consequence the image A' B' will then ap- 
pear to be inverted. In many instances, a direct and an 
inverted image, one above the other, have been seen at 
the same time. 

This phenomenon may occur when 
the object, the image or images of 
which are seen in the air, is below 
the horizon. The subjoined figure 
represents a phenomenon of this 
kind, which was seen by Dr. Vince 
from Ramsgate, a small town on the 
coast of England. A ship was pass- 
ing at such a distance, that only her 
topmasts. A, appeaf ed above the hori- 
zon ; but in the air above the ship 
were two perfect images of her, B 
and C, the lower one of which was 
inverted and the other erect, the 
keels of the two being together. In 
another case of the kind, there ap- 
peared a portion of the sea between 
the two images. 
In 1822, a young English captain, being at sea, ob- 
served the inverted image of a ship in the air, which was 
so distinct that he recognized it as the one commanded 
by his father, though the ship at the time was entirely 
out of sight below the horizon. 

405. The ship that was seen coming into the harbor of 
New Haven, Connecticut, in the month of June, 1647, 
was, no doubt, an instance of this kind. This town was 
first settled in 1637; and only 10 years afterward, with 
much effort the citizens fitted out their first ship of about 
150 tons, which sailed for England, in January, 1647. 
This was of course to them a matter of great importance, 
especially as she took as passengers several of their first 

non occur when the object, the image of which is formed in the air, is below the hori- 
zon 1 What is represented in the figure in paragraph 404 1 What is said of the Eng. 
.ieh sea-captain? 405. What were the circumstances that occurred at New Haven, in 
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inhabitants. On tlie opening of spring they were greatly 
disappointed to learn by arrivals from England that noth- 
ing had been heard of her there, and of course were in a 
dreadful state of suspense with regard to her. In the 
month of June, after a severe shower of rain, attended 
with lightning and thunder, a little before sunset, it was 
announced to their great joy that a ship of similar dimen- 
sions to their own was entering the harbor, and sailing 
up to the town. She continued thus to advance toward 
the town, nearly in a north direction, with all her sails 
set, for nearly half an hour, though the wind was directly 
against her ; until at length, when arriving very near the 
spectators who had assembled to see her, the tops of her 
masts seemed to be blown off, then other portions of her 
masts and rigging, and in a few minutes the whole ship 
had disappeared ! 

The feelings likely to be produced in the minds of the 
people by such an occurrence, at such a time, and under 
such circumstances, may easily be imagined. Nor is it 
wonderful that they should conclude that a kind Provi- 
dence had taken this method " for the quieting of their 
afflicted spirits," to intimate to them the fate which had 
befallen their beloved ship, and lamented fellow-citizens. 

The ship seen by them was, no doubt, the image of a 
ship, formed in the air in the manner explained above, 
which was sailing by at the time, but so distant as to be 
beyond the horizon. Her disappearance in so singular a 
manner was probably occasioned by the breaking up of 
the strata of air, which, by its unusual refraction, had 
produced the phenomenon. 

406. In Egypt and other countries, a different kind of 
mirage is often seen. The traveler passing over the 
burning sands, sees, as he supposes, a vast lake of water 
spread out before him, from the surface of which all 
objects beyond are beautifully reflected, precisely as 
from the surface of tranquil water. This is occasioned 
by the strata of air at the surface becoming suddenly 

June, 1647? How are these occurrences accounted for? 406. What is said of the oc. 
currence of mirage m Egypt 1 How are they explained 1 Why does the lake disappear 
as the traveler approaches it ? "^ 
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heated, by its proximity to the heated sand, and rendered 
less dense than the air above it ; the rays of light from 
distant objects and from the sky are then bent upward, 
and brought to the eye just as if reflected from the plane 
surface of a smooth lake. But, as the traveler advances, 
the supposed lake suddenly vanishes, and nothing appears 
but the same burning sands he has for hours been pass- 
ing over. 

Let A B be an 
object seen at a dis- 
tance by the direct 
rays, A E and B E ; 
other rays, as A m 
and B n, passing 
downward through 
heated, and there- 
fore less dense strata 
of air, are refracted 
upward to the eye at E, causing an inverted image of the 
object to appear at A' B'. 

407. That the above is the true explanation of these 
singular phenomena may be shown by direct experi- 
ment. Let a square phial be partly filled with a very 
dense and perfectly clear solution of sugar, and above it 
introduce carefully an equal quantity of pure water. The 
solution of sugar, being more dense than the water, will 
remain at the bottom ; but the two will mix more or less 
at the surface of contact, and form a stratum, the density 
of which will diminish upward. If, now, a small object, 
as a card with a word written upon it, be held on the fur- 
ther side of the phial, the word will appear in its natural 
position when viewed through the water or the sugar 
solution, but when seen through the mixed liquid, it will 
be inverted, and out of its true place. 

It will be observed that these phenomena of mirage are 
only extreme cases of atmospheric refraction of the same 
kind as those described above (364,) and are therefore 
very properly termed cases of extraordinary or unusual 
refraction. 

Question 407. May this phenomenon be imitated by an e.\-periment1 How is it 
donel 
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POLARIZATION OF LIGHT .—B UBLE REFKACTION. - 

408. The polarization of light is a difficult branch of 
the science of optics, and only a few of its more import- 
ant principles can be discussed in an elementary work 
like the present. n- -u* 

Polarization of Light by Reflection.— It a beam ol light 
from the sun be admitted into a dark room through a cir- 
cular aperture in the window-shutter, and a little fine 
dust, as powdered starch or chalk, diffused through the 
air, or even the dense smoke of burning paper, the beam 
will be seen by the reflection of the light from the float- 
ing particles to be every where circular, and will appear 
like a perfectly straight cylindrical rod, drawn across the 
room. If we hold a piece of paper in the beam, a circu- 
lar luminous spot will be produced of the same size or a 
little larger than the aperture through which the light is 
admitted. ' 

409. If a piece of window-glass, previously coated on 
one side with black varnish, be now held in the beam of 
light, it may be reflected with equal facility in any direc- 
tion — upward to the ceiling, downward to the floor, or to 
the right or left. That is, it possesses the same property 
on every side ; for it will be convenient to speak of the 
beam of light as having a right and left, an upper and an 
under side. 

410. But if the beam of light, after its admission into 
the chamber, instead of being allowed to pass directly 
across, is made to fall at the proper angle on a piece of 
glass painted black on one side, and laid on a table with 
its unpainted side upward, the beam now reflected from 
it will be found to have undergone a remarkable change. 
It may now be reflected upward or downward by another 
piece of painted glass as before, but can not be reflected 

Qbestion 408. When a ray of light from the sun is admitted into a darkened room in 
which some line dust or smoke is diifused, what appearance does it present 1 409. 
May the beam of light be reflected in every direction by means of a pi^ce of painted 
glass 1 Does it possess the same properties on all its sides} 410. If, after the ray 
enters the room, it is rellectea at the proper angle from the surface of a piece of glass 
laid horizontally upon a table, and^n attempt be made to reflect it a second time by a 
piece of glass, what will be the result 1 In what directions may it now be reflec ted 1 
and in what direction does it refuse to be reflected } 
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to the right or left. That is, its right and left sides pos- 
sess peculiar properties, by reason of which it refuses to 
be again reflected in these directions, and the light is said 
to be polarized. <. 

411. When, as in this case, the ray of polarized light 
can not be reflected in a horizontal direction to the right 
or Jeft, it is said to be polarized in a vertical plane, or the 
plane of polarization is said to be vertical. If it could be 
reflected vertically but not horizontally, the plane of pol- 
arization would then be said to be horizontal. When a 
ray is polarized by reflection, the plane of polarization is 
always perpendicular to the reflecting surface. The 
second plate, therefore, is capable- of reflecting the 
polarized ray in its plane of polarization, but will not 
reflect it in a plane perpendicular to the plane of polari- 
zation. 

412. It is to be particularly observed that in order to 
exhibit these phenomena in the best manner, the ray of 
light must make the proper angle of incidence, which is 
about 56|°, with both of the glass plates. If the angle of 
incidence at the first plate varies a httle from 56|°, the 
ray will not be completely polarized, and a portion of the 
light will therefore be reflected from the second plate ; 
and if it makes the proper angle 3vith the first plate, but 
not with the second, the same result will be obtained, 

413. As it is often inconvenient to obtain a direct ray 
from the sun in a darkened room, a lighted candle may 
be used for the experiment with good success. 

Let A B be a plate of 
OK g painted glass placed upon 

a table, and C, a lighted 
candle at such a distance 
from it that the light 
from the blaze shall make 
poiarizatim of Light: with the Centre of the 

Question 411, When isarayof light said to be polarized in a vertical plane*? When 
is tlie plane of polarization said to be horizontal 7 When a ray of light is polarized by 
reflection, what is the position of the plane of polarization with reference to the reflect, 
inff surface 1 Will the second glass plate reflect the polarized ray in the plane of polar- 
ization 1 412. What is the angle of complete polarization 1 What will be the effect if 
the ray does not make exactly the proper angle with either the first or second plate 1 
413. llow may the experiment of polarizing light be performed by means of a candle I 
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plate the proper angle of incidence 562o. Then let a per- 
son station himself with his eye at E, so as to see the 
image of the candle in the plate, A B ; and taking a second 
plate of painted glass in his right hand, let him hold it 
against the right side of his face so as to see in it the 
image of the candle reflected from the first plate ; and 
then, carefully keeping his eye upon it, let him turn his 
whole body gradually to the right. The plate upon the i 
table and the image of the candle in it will seem also to' 
be carried round as he turns ; and if he has been success- 
ful in causing the light to make the proper angle with the 
plates, the image wUl become more and more faint as lie 
turns, until at length it will nearly disappear. By turn- 
ing himself back again, the image is made gradually to 
resume its former brilliancy. There will be a little diffi- 
culty at first in performing the experiment, but a few per- 
severing attempts will insure success. It will be found 
that the image of the candle is faintest when the second 
plate is in a particular position, and becomes brighter 
whenever this position is changed in any direction. 

If painted glass can not be conveniently obtained, the 
experiment will succeed very well if only a piece of black 
cloth, or a black glove, is laid under the first plate of 
glass, and another piece is held against the back of the 
second plate. The results of the experiment will also be 
more satisfactory if several plates of glass are placed 
upon each other on the table, the under side of the lower 
one only being painted. The light reflected to the second 
plate will be much stronger than if a single plate only is 
used. 

414. Another method of performing the experiment is 
to place the first plate of glass, A B, upon a table stand- 
ing in front of a window, so that the reflection of the sky 
may be seen in it at the proper angle ; and then taking a 
second plate, and holding it, as described above, so as to 
see in it the reflection of the sky from the first plate, and 
turning the body as before. As the body is turned, the 
white light, at first reflected, gradually vanishes, until at 

Is it essential to have the pieces of glass painted 1 Will it be advantageous to use sev. 
eral polarizing plates instead of a single one 'I 414. How may the experiment be per 
formed by means of light from the sky t 
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length the plate appears nearly black. The sky-ligh 
being polarized by its reflection from the first plate, re 
fuses to be reflected from the second when the proper 
angle is attained, and becomes less and less brilliant as 
this angle is approximated. In rough experiments like 
these, therefore, it is not to be expected that results as 
satisfactory can be obtained as by the use of apparatus 
constructed for the purpose, with all the necessary ad- 
justments for obtaining the proper angles. 

415. The proper position of the two reflectors in refer 
ence to each other in order to produce the greatest effect, 
will perhaps be better understood by the annexed figure. 
Let R in each of the figures be a ray of light received, 
we will suppose, from a candle upon a plate of glass, M, 
at the proper angle of incidence (56f degrees ;) a portion 
of it will be reflected from this plate to a second plate of 
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Ray of Light. 

glass, P, in the plane R a; y. which is at the same time the 
plane of reflection and the plane of polarization. This 
Ya,y, X y, is now polarized ; and if the second plate, P, is so 
situated in reference to the first, M, that its plane of re- 
flection, E ya?, shall coincide with that of the first, R a;y, 
as in Nos. 1 and 3, it will be again reflected without loss, 
and the eye at E will see a distinct image of the candle 
though it has been twice reflected. But if the plates M 



Question 415. What is represented in tlie figure in paragraph 415? 



OPTICS. 263 

and P are so placed that the plane of reflection of the 
second, E y a?, makes a right angle with that of the first 
plate, Rxy, the ray is not reflected the second time, but 
is lost entirely at y. This relative position of the plates is 
represented in No. 2. Of course in this case no image of 
the candle will appear to the eye at E. 

In intermediate positions of the plates M and P, a por- 
tion of the light will be reflected from the second plate. 

It is to be specially observed that the polarized ray x y 
must always make the same angle of incidence with the 
second plate, P, as the ray, R, makes with the first plate, 
M, which is 56| degrees. 

In the figures the lower plate, M, is represented as 
changing its position while the upper one, P, remains Tin- 
changed, but this is only for the sake of convenience ; 
all that is necessary is that the two plates should sustain 
the same position in relation to the ray as is indicated. 

416. In all these experiments, the action of the first or 
polarizing plate seems to be to divide, or decompose, the 
light into two parts, one of which is reflected from its 
surface to the second plate, while the other passes through 
it and is absorbed by the black paint or cloth on the 
other side. The first plate on which the light is received 
is called the polarizing plate, and the second the analyz- 
ing plate. 

417. Light is also polarized by reflection from the sur- 
faces of other bodies ; but, to undergo this change, it 
must be incident upon them at different angles. Thus, 
for water, the proper polarizing angle is a little more than 
53°, for sulphur, nearly 64°, and for the diamond, 68°. 
When light is incident upon these substances at angles 
varying a little from the above, it is still polarized, but 
the polarization is not complete. 

418. Polarization of Light hy Absorption. — Polarized 
light may also be obtained by simply transmitting a ray 
of common light through thin plates of certain substances, 
as brown tourmaline, and agate, when cut and polished 



diiESTioH 416. In all these experiments, what is the action of the first or polarizirj 

tiate ? 417. Is the angle of complete polarization for all substances the same 1 A\& 
escribe the experiment with the tourmaline platesl 
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1 2. in the proper directions. 

In this case, the ray of 
common light is de- 
composed into two rays 
polarized in opposite 
planes, as before, and 
one of them is trans- 
Tourmaiine Plates. mitted whilc the Other 

is absorbed or stifled by 
the polarizing substance. 
Tourmaline crystals are usually in the form of six- 
sided prisms, the optical axis of which corresponds with 
the axis of the crystal ; and pieces prepared for polar- 
izing light are thin slips cut parallel to the axis, and 
polished. If we look at the sky through such a piece, a 
distinct yellow light is seen, which is scarcely diminished 
by placing a second piece of tourmaline on the first, pro- 
vided the two are parallel, as indicated in the first of the 
accompanying figures, the ray of light passing in the 
direction A B. But if, now, one of the pieces be slowly 
turned round upon the other, the quantity of light trans- 
mitted to the eye will gradually diminish, and will en- 
tirely vanish when the crystals lie across each other, as 
represented in the second figure. If it be turned further, 
the light again appears. 

By the first piece of crystal, in this experiment, the 
ordinary or common ray of light is separated into two 
rays polarized in planes at right angles to each other, 
one of which is absorbed by the substance, and the other 
transmitted, its plane of polarization corresponding with, 
or being parallel to,. the axis of the crystal. When, there- 
fore, a second plate of tourmaline is presented, having its 
axis in a plane at right angles to the axis of the first, the 
ray refuses to pass it. 

419. Polarization of Light by Double Refraction. — 
Long before any thing was known of the polarization of 
light, it was discovered that certain transparent sub- 

QnESTioN 419. What peculiar property have certain transparent substances been long 
known to possess, with regard to a ray of light transmitted through them 1 To what 
bodies does this property more particularly belong 1 Is it possessed by other bodie« 
also to some extent 1 What are the two rays called 1 
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stances possess the property of dividing a ray of light 
transmitted through them into two parts, and causing 
small objects seen through them to appear double. This 
property belongs more particularly to crystalized bodies, 
as Iceland spar (crystalized carbonate of lime,) quartz, 
&c. ; but is also possessed by other bodies, as glass, in 
certain circumstances. 

Let A C B D F G H M be a crystal of 
Iceland spar, and R S a ray of light fall- 
ing perpendicularly upon it at S ; as it 
passes through the crystal it will be 
divided into two parts, S and S E, the 
part S O passing directly through it, as 
it would through glass or water without 
refraction (360 ;) but the other, S E, be- 
ing bent considerably out of the origi- 
nal direction. The ray, S O, is called 
the ordinary, and S E, the extraordinary 
ray. 

420. If a piece of white paper, with 
a dot upon it at O, is laid under the 
crystal, there will appear to be two dots, 
one at O and the other at E. If the 
crystal is gradually turned round on 
the paper, the dot, E, will appear to re- 
volve around O, keeping always on the 
same side of it, with reference to the 
axis of the crystal. A line drawn upon 
the paper in the direction GM, when 
observed through the crystal, will also 
appear double, a second line being seen 
passing through E, parallel to the first, which is supposed 
to pass through O. 

421. We have, in the above experiments, supposed the 
ray of light to be perpendicular to tne crystal, and we 
find the ordinary passes directly through without refrac- 
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Double RefToctitm. 



Question 420. If a crystal of Iceland spar is laid upon a piece of white paper marlied 
witli a dot, wliat will be the effect 1 What will be the effect if the crystal is turned 
round ? What will be the result when a line is drawn upon the paper J 431. If the 
ray of light is incident upon the crystal obliquely, will double refraction still take 
place 1 
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tion, while the other, the extraordinary ray, is refracted 
If the ray of common light is made to strike the crystal 
obliquely, it will still be separated into two parts, as be- 
fore, and the ordinary ray will be refracted according to 
the law of refraction already described (360,) but the ex- 
traordinary will deviate entirely from it. 

When a double re- 
fracting crystal, as a 
crystal of Iceland spar 
an inch thick, is placed 
upon a printed page, 
every word under it 
will appear as if doub- 
led. The figure in the 
margin represents a 
crystal of this kind 
placed on paper upon 
which the word OP- 
TICS is printed, which, seen through the crystal-, appears 
doubled. The greater the thickness of the crystal, the 
further will the two images appear to be removed from 
each other. 

422. In every body capable of 
double refraction, there is at least 
one direction through which a ray 
of light will pass without suffering 
this change. This is called its opti- 
cal axis, or axis of double refraction. 
In Iceland spar, whose primary form 
is a rhomb (sometimes called a 
rhombohedron,) this axis is in the 
direction of a line which joins its two obtuse solid an- 
gles, AX. So this axis in the preceding figures (Par. 
419,) would be a line drawn in the direction AH. 
A section made through the optical axis and two oppo- 
site edges of the crystal, as E D X, is called its principal 
section. 




Question 422. Does double refraction take place whatever may be the direction of 
the ray through it 1 What is meant by the optical axis of a crystal 1 In the crystala 
of Iceland spar, in what direction is the optical axis 7 Wllat is the principal nation > 
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423. In crystals of many substances, there are two or 
even a greater number of axes of double refraction ; but 
the subject then becomes very complex. 

424. But this separation of the common ray of light 
by a double refracting crystal into two distinct rays, 
which take different courses through it, is not the only 
effect produced ; — if these two rays after their separation 
are examined, they will be both found to be polarized, 
with their planes of polarization at right angles to each 
other. This may be proved by testing the rays separately, 
by attempting to reflect them from a plate of glass, or 
by means of a tourmaline plate, as heretofore pointed 
out. 

425. We may, therefore, consider a ray of common 
light as made up of two separate rays which are polar- 
ized in opposite planes ; that is, in planes which are at 
right angles to each other. The double refraction of 
light is, therefore, a species of decomposition (379,) by 
which it is separated into two distinct rays, which are 
not indeed of different colors, as in the case of its decom- 
position by means of the prism, but which, nevertheless, 
as we have seen, are entirely different in some of their 
properties. 

426. When light is polarized by reflection, as above 
described (410,) the same decomposition takes place, 
though the results are a little different. When light is 
polarized by double refraction, both rays, after separation, 
pass onward in their course, though in directions a little 
different ; but when it is polarized by reflection, one only 
is reflected to the eye, while the other, as before remarked, 
passes through the plate of glass, and is absorbed by the 
black paint or other substance on the opposite side (416.) 
This is proved by using a plate of glass unpaiiited, and 
examining the ray which is transmitted by it. This ray 
is thus found to be polarized equally with the reflected 

QuESTicN 423. Is there ever more Ihan one axis of double refraction 1 434. If the 
two rays are examined after passing the crystal, in what respects will Ihey be found to 
diflFer from each other b8 it regards their planes of polarization^ 425. Of what may we 
consider the common ray of light to consist ? Is the double refraction of light a species 
of decomposition ■? 426. Is the same decomposition produced when light is polarized 
by reflection 1 When light is polarized by reflection, what becomes of the part that ia 
not reflected 1 How is th)'! proved t 
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ray, but in a plane at right angles to the plane of polari- 
zation of the reilected ray. 

427. Colors produced by Polarized Light. — By means 
of polarized light the most brilliant colors may be pro- 
duced <sf every variety of tint. 

To show these colors, let a thin film of mica or selenite 
be interposed between the plates M and P, in the figure, 
and while one of the plates is kept in its present position, 
let the Other be turned around so as successively to 






Colors by Polarized Light. 

occupy, not only the several relative positions indicated 
in the figure, but also the intermediate positions. Let us 
suppose that the plate M remains fixed while P is made 
to revolve ; and let us suppose also that the plate of mica 
when interposed gives a brilliant red ; then as the plale 
P is turned, the red faints, and at length disappears, and 
a faint green takes its place, which at length becomes very 
brilliant and then faints and disappears, and the red is 
again seen. All this takes place twice in regular order at 
each entire revolution of the plate P. 

428. It is to be especially observed that the plate P is 
supposed to revolve, in this case, around a vertical axis, all 
the time forming the same angle of incidence with the 
i&y,xy. 



QmsTiON 427. How may colors be shown by polarized light f 428 What is eupposea 
in respect to the plate P, in the last experiment ? 
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429. liife colors which the film of mica or selenite 
wives in any particular case depends upon its thickness, 
and the two colors which alternately appear and disap- 
pear will always be complementary to each other, — that 
is, the two together will produce white light. This is the 
case with red and green, for the white light of the sun, 
as we have seen is made up of red, yellow, and 
blue, and as the two last mentioned pi-oduce green, it is 
plain that the red and green must produce white. They 
are, therefore, said to be complementary to each other, as 
already explained. For the same reason orange and 
ilue are said to be complementary. 

430. If instead of 
the plate P we use a 
prism of Iceland spar 
properly prepared, we 
shall see both of the 
colors at the same 
time ; and if at their 
greatest brilliancy one 
of them is made to 
overlap the other. 

Complementary Colors. whitC light wiU be 

produced, as shown 
in the figure. 

431. If the plate of mica is not every where of the same 
thickness, each part of varying thickness will have 
a tint peculiar to itself By fixing small pieces of sele- 
nite of sHghtly different thicknesses in the proper order 
upon glass, beautiful pictures are produced of the most 
gorgeous colors, when seen by polarized light, though 
they are perfectly transparent to the naked eye. 

432. By interposing, instead of the mica or selenite 
plate, a crystal of Iceland spar, (or any substance having 
a single optical axis,) cut and polished in such a manner 
that the polarized light shall be transmitted in the di- 
rection of this axis, a system of beautifully colored rings 

aoESTiON429. Upon what does the color yielded by the mica plate depend 7 430. 
How may both of the colors be seen at the same time 1 431. What will be the effect ii 
the mica plate is not every where of the same thicknessl 432. IIow may the colored 
TLnga be shown ? 
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will be seen, wifh a 
cross through the centre, 
which will be either 
dark or light according 
to the relative position 
of the plates, M and P. 
To show these images 
in the best manner, the 
tourmaline plates are 
best adapted. The cut and polished crystal is to be 
placed between the tourmaline plates, as they are held 
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Colored Rings. 

up before a window ; and when they are in the position 
relative to each other first indicated, the light cross 
(figure A) with its system of rings will appear ; but when 
in the second position we shall have the system of rings 
with the dark cross (figure B.) 

433. The colors of one of these systems of rings will 
always be complementary to those of the other system. 



INTEBFERENCE OP LIGHT. 

434. By the interference of light is strictly meant cer 
tain theoretical explanations of some obscure facts which 



QUESTION433. what is said of the colors in the two systems of rings 1 434. Whatii 
ment by the interference of light I 
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have been long known, but the phrase is now also often 
used to express the facts themselves. 

435. In order to show 
these facts in the best 
manner a very diverging 
ray of light is needed, 
which is obtained by ad- 
mitting the ray through 
a double convex lens, L 
S, of short focal distance, 
placed in the shutter of 
a window; the ray first 
converges to a point and 
then diverges, as shown 
in the figure. If we hold a screen, A B, now in front of 
this lens, we receive upon it a circle of light ; and this 
circle is larger the further we hold it from the window. 

436. If, now, at some distance from the lens 
^^A. ^nd in front of the screen we hold some small 
^^ opake object, as a small straight wire, m n, (sup- 
posed to be perpendicular to the paper,) it will 
cast a proper shadow upon the screen if they 
are very near together, but if they are sepa- 
rated a little distance, instead of a single shadow 
upon the screen, a number of them will ap- 
pear side by side, with hght spaces between 
them, as represented in the annexed figure, A B. 

437. The only rational explanation of these 
facts which has been given is afforded by the undula- 
tory theory of light, which, as we have seen, supposes 
that all the phenomena of light are produced by undu- 
lations excited by luminous bodies in the universally 
diffused medium, the ether. Now, it is believed that two 
systems of these waves or undulations may interfere 
with each other so as in some cases to increase, and in 
others to destroy their mutual effect. * 

Let A be a luminous body from which undulations are 
produced sustaining the relation to each other indicated 



Fhen. of 

Interfer- 

ence. 



, QoESTioN 435. Describe the experiment in this paragraph t 436. What, now, wil 
be the etrect if a small wire is interposed 1 437. Describe the figure in this paragrnpU 
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Light Waves. 



by the two waved lines 
proceeding from it; it 
will be seen that the 
waves in these lines coin- 
cide, and they therefore 
increase each other's ef- 
ects. But the waves from 
B are so situated that the 
motion in one series will 
be exactly in the opposite 
direction from those of 
the other, and both are 
then more or less completely neutralized. The rays are 
then said to interfere, and the phenomena observed in 
such a case to result from their interference. 

438. This interference of the rays may be produced 
in several modes, and it is believed that it takes place in 
the case of the experiment described in paragraph 435. 

The light waves after 
coming into contact with 
the wire, win, are propa- 
gated around it so as to 
meet again on the oppo- 
site side. Waves from 
opposite sides of the wire 
will meet at the middle 
point, X, because the dis- 
tances mx and nx are 
equal, and the waves here 
coincide; but the distances 
are not equal, and when 
equal to \, \\, 2i &c., 
will interfere and 




Interference of Light. 



my and ny, or mz and nz, 

they differ by an amount 

times the length of a wave, they 

destroy each other, as explained above, and darkness 

will be the result. On each side of the point, x, the 

same effect will be produced, and the phenomena are 

observed which are described in paragraph 436. 

The probability of this explanation is increased by the 



Question 438. How may this interference be produced ? 
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well-known fact <hat two sounds of nearly the same pitch, 
when produced together, have the effect alternately to in- 
crease and then to destroy each other, a ptienomenon 
called by musicians, beats. Two organ pipes of nearly 
the same pitch answer well to perform the experiment. 

439. By modifying the experiment above given, fringes 
of all the colors of the rainbow are easily produced, but 
the experiment can not well be shown to a class. 



II. PHKNOMENA OF VISION. 

440. The explanation of the structure of the eye, and 
the laws of vision, forms a most impoitant and interesting 
branch of the science of optics. In the. whole range of 
natural science there is Hot to be found a more beautiful 
and impressive instance of the wonderful skill and benev- 
olence of the Divine Architect, than in the formation of 
the eye, and its adaptation to the purposes for which it is 
designed. 

441. Structure of the Eye. — The human eye, except a 
small portion which projects in front, is of a very perfect 
spherical form, and is situated in a deep cavity in the 
Dones of the head, which is called its orbit. It is thus 
protected from mechanical injuries, to which it would 
otherwise be constantly liable. As it is situated, only a 
very small, or a pointed object, can reach it ; and but a 
small part of it is exposed to injury even from such ob- 
jects. Hence it is that so delicate an organ is preserved 
in perfect order, except the slight decay of age, during a 
long course of years, in the midst of the numerous acci- 
dents to which every one, during life, is exposed. 

442. The different parts of the eye which we shall no- 
tice are the thin coats, or membranes, which are called the 
sclerotic coat, (sometimes, also, called the sclerotica^ the 
choroid coat, and the retina ; the two humors, the aqueous 
and the vitreous ; the crystalline lens and the iris. 

Question 440. What is' said of the skill and benevolence of the Divine Arcliitect, as 
Indicated il. he formation of the eye, and its adaptation to the purposes designed 1 
441. What is the form of the human eye 1 Where is it situated % How is it protected 
from mechanical injury 1 442. What are some of the parts of the eye to be noticed 1 
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The Eye. 



The figure in the margin is a 
front view of the eye, and some 
of the adjacent parts. A A is 
a part of the sclerotic coat, 
usually called the white of the 
eye, being always of a beauti- 
ful white color; 1 1 is the iris, so 
called from the circumstance 
of its presenting so many dif- 
ferent shades of color, being in 
some persons black, in others 
blue or gray. In the centre of the iris is a small circular 
opening, called the pupil, varying from one to two or 
three tenths of an inch in diameter, according to circum- 
stances to be hereafter noticed. Through this small 
aperture all the light enters by which vision is produced. 

443. The next figure repre- 
sents a section of the left eye 
through the centre of the pu- 
pil, parallel to the opening of 
the eye-lids, the lower side 
being supposed next to the 
nose. A B A is the sclerotica; 
it is a strong and tough mem- 
brane, perfectly white, and to 
it are attached the several muscles by which the eye is 
moved in its socket, so as to enable the person to see in 
different directions without turning the head. A A is the 
cornea, which is a perfectly transparent membrane cov- 
ering the front of the eye, and connecting with the scle- 
rotic coat all around, as at A A. It receives its name 
from its resemblance to transparent horn, (Latin cornu.) 
Next inside of the sclerotica is the choroid coat, indicated 
by a darker line ; it is a delicate membrane, extending 
from the optic nerve, O, in the back part of the eye, to the 
iris, 1 1, in front, with which it is connected. On its in- 




Seetion of Eye. 



what is the common name of the sclerotic coat 7 Where is the iris situated 7 What is 
the pupil? 443. What is represented in the tigure ? What is the sclerotic coat com- 
posed oft Where is the cornea 1 From what does it derive its name ? Where is the 
choroid coat 1 With what is it covered on the inside 7 What purpose is served by t\\\f 
black substance? Where is the r«*ina situated 1 What is it ? What is always forme<^ 
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side it IS covered with a perfectly black substance, called 
the pigmentum nigrum, by which any reflection from the 
internal parts of the eye is prevented. It also serves to 
absorb any light which may find its way through the 
sclerotic coat, the two producing a perfectly darkened 
chamber within, into which light is admitted only through 
the pupil, as through a window. The third coat is the 
retina, R R R, which is merely an expansion of the optic 
nerve, 0, and lines the whole of the back part of the cav- 
ity of the eye. Upon this coat a perfect image is always 
formed of every object seen by the eye ; and the produc- 
tion of this image is always accompanied by the sensation 
of sight, provided the optic nerve, which connects the eye 
with the brain, is in a healthy state. This nerve enters 
the eye in the back part, about one-tenth of an inch from 
the axis, on the inside, toward the nose. 

The crystalline lens, L, is a compact, transparent sub- 
stance, in the form of a double-convex lens, but having 
one surface more convex than the other ; in connection 
with the iris, 1 1, it divides the eye into two very unequal 
parts, called the anterior and posterior chambers. The 
anterior or frontal chamber is filled with a limpid liquor, 
like water, called the aqueous humor; and the dense 
vitreous humor fills the posterior chamber. 

An imaginary straight line, C D, drawn perpendicularly 
through the pupil, is called the axis of the eye. The dis- 
tance on this line from the cornea to the back part of the 
eye is generally a little less than an inch. 

In front of the whole eye is 
the conjunctiva, which is a trans- 
parent membrane designed to 
protect the eye from the entrance 
of dust and other matter between 
the eye and its socket. It con- 
^ sists merely of the common skin 
Conjunctiva. of the eye-lids, A and B, above 

on the retina when perfect vision takes place 1 Is the fcrmaticn of the image upon the 
retina always attended by the sensation of sight when the optic nerve is in a hfialthy 
Ion V iJa, ""^ ™ ""^ "P"" "^^^ ^"'" 'he eye 1 What is the form of the crystalline 
ens I What are meant by the anterior anA posterior chambers of the eyel What 
iiumor fills the anterior chamber ? Wliat fills the posterior chamber's What is the 
«!sorthe eye 1 What is the conjunctiva 7 What does it consist ofl 

2J: 
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and below the eye, which, after passing the edges of the 
lids, folds in a little distance, and is reflected over the 
surface of the cornea. Foreign matter, therefore, which 
enters around the eye can never find its way further than 
the fold of this membrane extends ; but still it often 
causes great pain. 

444. Image formed' by the Eye. — Let us now inquire 
concerning the effect of these different parts of the eye in 
producing vision. It is to be recollected that every point 
of a visible object (334) is constantly emitting rays of 
light in every direction ; and to see an object is to see 
tiie points of which its surface, presented toward the eye, 
is made up, arranged in their proper order (350.) Of the 
rays emitted from any point only a small portion can 
enter the eye, so that the same point may be seen at the 

same time by 
many eyes sit- 
uated in the vi- 
cinity of each 
other, though 
not by means 
of the same 
rays. Let A B 
C be an object 
in front of an 

eye ; of the rays emitted from the point A, a small por- 
tion will enter the pupil, but all the rays in the vicinity 
which come in contact with the opake parts of the eye 
will be reflected or absorbed. The rays that enter the 
eye will form a cone, the base of which will be at the 
pupil, and the apex at the point from which they are 
emitted. When these rays enter the cornea, which is a 
more dense medium than the air, they will be made to 
converge ; and this effect will be still further increased 
by their passing through the crystalline lens, so that they 
will be brought to a focus on the retina at a, producing 




Image formed in the Eye, 



Question 444. What is it to see an object? Will all the rays from each point of an 
object enter the eye? What will (he rays that enter the eye froni any point form 1 
What etfect is produced upon tliis cone of raye from atly point where they enter tn£ 
cornea ? What will be the elTect when they pass the crystalline lefts? Where will 
the ima£e of the point be iormed 1 Will simifar images of other points be formed 1 
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there an image of the point A of the object from which 
they were emitted. From every other point of the 
obiect, as B and 0, cones of rays will proceed in like 
manner, producing at h and Cj,on the retina, correspond- 
ing images of these points. The result of the whole will, 
therefore, be the production, on the retina in the back 
part of the eye, of an inverted image, abc,o{ the object 
ABC (374.) ■ 

Both the aqueous and the vitre^s humors have some 
effect in bringing the rays to a focus on the retina for the 
production of the image, but the crystalline lens is the 
most important. The form of this, as we have seen, is 
double-convex, the convexity being greatest on the side 
next to the vitreous humor, while the aqueous humor has 
the form of a meniscus, with its convex side presented to 
the rays, and the vitreous that of a concavo-convex 
lens (368.) 

445. We know, merely by an examination of the dif- 
ferent parts of the eye, that when an object is placed in 
front of it, an image of it will be 
formed on the retina in the back 
part; but the same thing can be 
shown by direct experiment. For 
this purpose, the eye of an ox or 
other animal which has been re- 
cently killed is taken, and the two 
outer coats carefully removed from 
the back part, so as to expose the 
semi-transparent retina. If, when 
thus prepared, it is held before a 
window, or other bright object, the inverted image, per- 
fectly distinct, will be seen formed upon the retina. As 
this ' membrane is semi-transparent, the image formed 
upon it is seen through it. The figure represents an eye 
of an ox prepared in this manner, and held before a win- 
dow, the inverted image of which is seen in the back part 




Image on the Retina. 



What will the result of the whole be 1 Do the vitreous and aqueous humors produce 
any etTectT On which side of the crystalline lens is the greatest convexity 1 What is 
(he form of the aqueous humor? 01*^1116 vitreous humor 7 445. How may the eye of 
an ox or other animal be prepared, so as to exhibit the formation of the image upon tue 
retina, of an object in front of it 1 What is shown In the figure 1 
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446. Image upon the Retina exceedingly minute. — As 
the eye, though small, is capable of seeing distinctly, at a 
single view, the various objects of an extensive landscape, 
it is evident that the images must be painted on the retina 
with wonderful minuteness. It has been calculated that 
the image of a portion of the castle of Edinburgh, 500 
feet long and 90 feet in height, when seen at a certain 
distance, does not occupy on the retina more than the 
twelve hundred thousandth part of an inch, and yet its 
different parts will be distinctly visible. When a page 
of a large book is held before the eye, not only is each 
word and letter distinctly visible, but even the minute 
defects of the letters ; and yet the image of the whole 
upon the retina will not cover a space so large as the 
finger-nail! It is not necessary to remark that no painter, 
however skillful with the pencil, can execute a picture 
like this. 

447. Adjustment of the Eye to see Objects at different 
Distances. — It is well known that the eye is capable of 
viewing objects distinctly at greatly different distances 
within certain limits. The least distance of distinct vision 
for most persons is about six inches, but all can see much 
further than this. But, in order that a distinct image of 
objects at different distances may be produced, it is abso- 
lutely necessary that the parts of the eye should undergo 
some change. If the parts of the eye were incapable of 
change, a distinct image would be formed on the retina 
only when objects were at a particular distance, but 
would be confused if the objects were brought nearer or 
carried further off. To be satisfied of this, let a person 
hold a common burning-glass a few feet from a candle, in 
a dark room, as described above (375,) and at a certain 
distance on the opposite side of the glass, which can easily 
be found by trial, an inverted image of the candle will be 
formed on a sheet of paper or other substance held up as 
a screen to receive it. If the candle be now removed a 

Question 446. What is said of the minuteness with which images of objects must be 
painted upon the retina 7 What illustration of this is given in the instance of aptrson 
viewing a portion of the castle of Edinburgh at a certain distance ? What is said ofttie 
space occupied by the image of the page ol"a book at which a person is looking! 447. 
Is the eye capable of seeing objects distinctly at diflferent distances from it? Wliat is 
the least distance of d.stiiict vision lor most ptrfpiis ? Must some change take place iJ 
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little further from the glass, the image at once becomes 
indistinct, but is again perfectly formed if the screen is 
brought a little nearer ; so if the candle is placed nearer 
to the glass than when in its first position, the image 
again becomes indistinct, a perfect image being produced 
only when the candle and paper are at certain relative 
distances from the glass. 

It is found that if the parts of the eye remain unchanged, 
the distance of the image from the crystalline lens, of ob- 
jects situated only about six inches (446) from the eye, 
will be about ith of the diameter of the eye more than 
if the objects are placed at the greatest distance of dis- 
tinct vision. But as the image, to produce distinct vis- 
ion, must always be thrown accurately upon the retina, 
to enable a person to see both near and distant objects, 
it is evident the parts of the eye must undergo some 
change ; and that this change does take place, every one 
will be satisfied by looking attentively for some seconds 
at a well-illuminated distant object, and suddenly turning 
his eye upon the page of a book held in his hand. For a 
moment, after turning his eye upon the book, the print 
will appear more or less blurred, until the parts of the 
eye which have been adjusted for looking at the distant 
object have time to put themselves in the proper order for 
seeing those that are near. 

448. There are three modes by which the eye may ad- 
just itself for seeing objects at different distances — that is, 
so as to cause the image to be formed on the retina, 
though the distance of the object may vary — viz : 1. By 
a change in the convexity of the cornea and crystalline 
lens ; or, 2. By a change in the distance of the crystalline 
lens from the retina ; or, 3. By both combined. Thus, 
if the parts of the eye are adjusted for seeing near objects, 
to enable it to see clearly distant objects, it is necessary 
only that the cornea and crystalline lens should be a little 

tbe parts of the eye when objects are viewed at different distances'? If the parts of the 
eye were incapable of change, what would be the result 1 By what simple experiment 
may a person satisfy himself of this ? If an object is only six inches from the eye, how 
much further from the crystalline lens will the image be formed than if it is situated at 
the greatest distance of distinct vision t How may a person satisfy himself that the eye 
l-.tnall^ undergoes a change when he looiis from a near to a distant object, or th» 
reverse ■? 448. What three modes are c^ntioned by which the eye may adjust itself Stt 
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flattened, to prevent the rays from coming to a focus be- 
fore reaching the retina; or, that the crystalline Jens 
should be moved forward a little further from the retina ; 
or, that both of these changes should take place together. 
Some writers have affirmed, without qualification, that 
these changes actually take place, but it is believed that no 
sufficient evidence of them has yet been produced ; and 
the mode by which the eye adjusts itself to see objects at 
different distances can not be considered as fully deter 
mined. 

449. Adjustment of the Eye to different Quantities of 
Light. — When a person steps suddenly from a room per- 
fectly dark into one well lighted, a painful sensation is 
produced in the eyes, and he is scarcely able to see, be- 
cause of the excess of light ; but in a short time the eye 
accommodates itself to the light,, and the pain ceases. 
So, when a person goes at once from a well-lighted apart- 
ment into a dark room, or into the open air on a dark 
night, he is at first scarcely able to distinguish a single 
object, but by degrees he finds his vision becomes more 
distinct. This, it is well ascertained, is occasioned bjr 
the contraction and expansion of the iris, by which 
the diameter of the pupil is changed. When a person 
views a well-illuminated object, the diameter of the pupil 
is scarcely yV th of an inch, and but a small pencil of rays 
is admitted, which, if he steps into a room only partially 
lighted, will not be sufficient to produce distinct vision ; 
but the iris spontaneously dilates, and a larger pencil of 
rays is admitted, to enable him to see distinctly. After 
remaining a while where there is Httle light the pupil 
dilates to its utmost size, and if he ru3w suddenly step 
into a well-lighted room, so much light enters the eye as 
to produce pain, but the gradual contraction of the pupil 
soon causes it to cease, by diminishing the quantity 
of light that is admitted. Any one may witness this 
change in his own eyes by holding a small mirror in his 

as to perctive objects at different distances? Has It been proved that these changes, or 
any of them, do actually take place i 449. What is the effect upon the eyes when a 
person steps suddenly from a dark to a well-lighted aparlment'! What is the effect 
of going at once from a room brilliantly illuminated into one that is dark, or into the 
open air in a dark night 1 How are these facts explained 1 How may a person notLa 
ih-15 change in his own eyes ■! How may it be ^iced in the eyes of a child ! 
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i^aiid, and so managing as to look suddenly from an ob- 
scure object to one that is well illuminated, or the reverse. 
The eyes of children are especially sensitive to light, and 
by causing a child to look first at the window, when the 
sun shines, and then at some object in the room, or the 
reverse, the change in the size of the pupil will be beau- 
tifully exhibited. 

450. These changes in the eye take place spontane- 
ously, and are entirely beyond the control of the will. 

451. In some animals the pupil of the eye is susceptible 
of much greater change than in man, so that they can see 
equally well with him in the day-time, and much bettei 
in the night, when objects are but partially illuminated. 
This is the case with the horse ; and it is well known 
that he will find his way along in a dark night, when 
it would be absolutely impossible for a man to do it. 
This is also particularly observable in animals of the cat 
kind, which are adapted for searching for their prey in 
the night. Some animals, as bats and certain species of 
owls, can not see well in the day-time, and therefore 
seldom appear abroad except at evening, when their vision 
becomes distinct; this is because their eyes being adapted 
for seeing clearly only at night, their pupils do not allow 
of sufficient contraction to enable them to see in the 
broad light of day. 

The pupil of the eye in man is always round, but in 
some animals, as the horse, it is elongated in a horizontal 
direction, while in others, as the cat, it is elongated verti- 
cally. The eyes of fishes are always destitute of the 
aqueous humor, which, as they are designed to live in the 
water, would be useless ; and the crystallhie lens is 
spherical. This is rendered necessary by the fact that 
the rays of light pass from a derise medium, water, into 
the eye ; for, if the crystalline lens was not more convex 
than in the eyes of land animals, the rays would not be 

Question 450. Have we the power of enlarging or contracting the pupils of our eyes 
at pleasure? 451. Are the pupils of the eyes of some animals susceptible of greater 
change in this respect than those of man 1 Can such animals see better in the night, 
when objects are but partially illuminated, than man? In what animals is this partic- 
ularly observable 1 Why can some animals see better in the twilight than in the broad 
lightofday? What isthe ibrm of the pupil of the eye in man ? Is it of the same form 
in the eyes of oilitr animals J Why do the eyes of fishes have no aqueous humor J 



282 NATURAL PHILOSOPHV. 

soon enough brought to a focus, so as to form an image 
upon the retina. 

452. It has been seen above (376) that when rays of 
light which are parallel, or nearly so, are transmitted 
through a double-convex lens of glass, they are not all 
brought to a focus at the same distance, but those trans- 
mitted near the edge come to a focus nearer to the lens 
than those which pass through near its centre. This is 
avoided in the eye by the increased density of the crys- 
talline lens near its centre, by which its refractive power 
in this part is increased. Besides this, the iris serves as 
a diaphragm, by which the rays too distant from the axis 
are excluded. The eye, therefore, is destitute of spheri- 
cal aberration. 

453. It has been seen, likewise (378,) that when hght 
is refracted, the primary colors of which it is composed 
are separated more or less from each other ; so that when 
a pencil of rays is transmitted through a double-convex 
lens, the image formed will usually appear colored. But 
no such effect is produced by the eye, which sees all ob- 
jects of their natural color. In the small pencil of light 
admitted into the eye, only a slight dispersion of the 
colors can take place, and this, it is supposed, is corrected 
by the different dispersive powers (384) of the different 
parts of the eye. 

By a particular experiment the colors of the spectrum 
may be seen, the light being decomposed by the eye. 
Let a person hold some opake object with a straight edge, 
as a book, between his eye and the window, parallel with 
one of the cross-pieces of the sash, so as to see only a 
narrow line of light, and a very small prismatic spectrum 
will be formed, containing, according to Brewster, all the 
different colors. 

454. Causes of Indistinct Vision. — As distinct vision is 
produced only when the light from objects is brought to 

What is the form of the crystalline lens in their eyes 1 452. Will all the rays of a pencil 
of light, transmitted through a double convex lens of glass, be brought to a focus at the 
samepointi How is this avoided in the eye! What purpose does the iris serve in 
producing the same result 1 453. Why are not the differently colored rays separated 
by the parts of the eye in the same manner as when refracted by other medial How 
may it be shown that in some cases the several colors are separated by the parts of the 
eyel 464. In what two respects mentioned may the eyes of persons be defective 1 
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a focus exactly on the retina, the eyes of persons may be 
defective by having too great refractive power, so as to 
cause the images to be formed, not on the retina, but a 
Uttle in front of it; or by having too httle refractive 
power, in which case the light is not brought to a focus 
soon enough, but tends to form the image at a distance 
behind the retina. 

455. Near Sightedness. — The first defect is frequently 
seen in young persons, and is occasioned by too great a 
convexity of the cornea or crystalline lens. Such per-, 
sons can see clearly only those objects which are very 
near them, and are therefore said to be near-sighted. To 
enable them to see distant objects, it is necessary to make 
the rays diverge a little before entering the eye, by which 
means the image will be thrown back a little to the retina. 
This is accomphshed by the use of spectacles with con- 
cave glasses, the 
effect of which is 
to separate tlio 
rays. The figure 
represents an eye 
of this kind ; A, 
a small object in 
front of it, and M 
N a double-con- 
cave lens to disperse (373) the light before entering the 
eye. The dotted lines show the direction the rays would 
take if the lens was not interposed. It will be seen they 
intersect each other before reaching the retina, and at this 
point, but for the effect of the lens, the image would be 
formed; but by means of the lens to separate them a 
little, before entering the eye, the image, a, is not formed 
until they reach the retina. Persons are sometimes met 
with, one of whose eyes is more convex than the other, 
which is a defect that requires the use of spectacles 
having one lens more concave than the other. 




Near Sightedness. 



When Ihe refractive power Istoo great, where is the image formed ■! Where when the 
refractive power is too small ! 465. In whom is the first defect frequently seen 1 How 
is it occasionecn What objects only are seen clearly by such persona '! What is neces- 
sary to enable them to see clearly t How Is this accomplished 1 When one eye ol » 
person is more convex than the other, how is the defect remedied 1 
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45G. Near-sighted persons, who can see distant objects 
only by the use of concave glasses, never can have so 
large a field of view as is afforded by the unaided, perfect 
eye ; their glasses enable them to see clearly only those 
objects which are situated in a small circle directly before 
them. 

457. Indistinctness of Vision in Aged Persons. — Most 
persons, on attaining the age of about forty-five, find 
their vision becomes indistinct from causes directly the 
reverse of those described above, in the case of near-sight- 
edness. The change is most likely to be first observed 
when they attempt to read very fine print, or to examine 
some minute object by candle-light. Though unable to 
see clearly when the object is held at the usual distance 
from the eye, they soon find that when it is removed a 
little further off, the distinctness is improved. By this 
test persons may always know when this change is begin- 
ning to take place in their eyes. 

458. This indistinctness of vision in aged persons is 
occasioned by the flattening which takes place in the 
cornea and crystalline lens. The light which enters the 
eye from near objects is not brought to a focus soon 
enough, but tends to form the image a little beyond the 
retina. This defect is remedied by the use of convex 
glasses, by which a slight convergency is given to the 
rays before they enter the eye. Let A B be an eye, 

the parts of 
which have 
become thus 
flattened by 
age ; O a 
small object 
placed be- 
fore it, and 
M N a dou- 
ble - convex 




Glasses for Aged Persona. 



Question 456. Can near-sighted persons have as large a field of view as others^ 

457. A' what age does the vision of most persons become indistinct from causes the 
reverse of those described above ? When is the change likely to be first observed by 
them How is their vision affecttd by moving the object a little further from the eye ? 

458. By what is th^s indistinctness of vision occasioned? Where is the tendency to 
form the image ] How is this defect remedied ? Can a distinct image be formed with- 
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lens. The rays of light diverge from the object, O, and, 
after being slightly bent inward by the lens, enter the 
eye, by vi^hich they are brought to a focus so as to form 
the image upon the retina, as shown by the dark lines. 
The dotted lines, as before, are designed to show the 
couise the rays would take if the glass were removed. 
It will be seen that without the lens no image, or only an 
indistinct one, can be formed upon the retina, the focus 
being then at a distance beyond it. 

459. In most cases, persons whose eyes have become 
thus flattened by age can distinguish distant objects with 
as much clearness as in youth ; or it is only in extreme 
old age, when the eyes have become much flattened, that 
glasses are required for this purpose. This is because 
the rays from distant objects are less diverging, or nearly 
parallel when reaching the eye, so that the convexity of 
the parts of the eye is still sufficient to bring them to a 
focus at the proper point. Instances have been known in 
which persons whose yision has been long indistinct, in 
consequence of the flattening of their eyes, have, in ex- 
treme old age, recovered their sight, and been able to 
read even the smallest print without the use of specta- 
cles ; but, generally, the defect continues to increase with 
age, as long as the person lives. 

Of course, spectacles that answer well at one age be- 
come afterward useless, and require to be changed for 
others that are more convex. Glasses that thus become 
useless are sometimes said to be too young for the person ; 
and if he can see with them at all, it is only by holding 
the object at a considerable distance from him, as is the 
case with a person (457) who has just arrived at the age 
when his natural vision begins to become indistinct. 

460. Though spectacles are now found so important 
for aged persons, and are universally used, it is scarcely 
six hundred years since they were invented. We know 
from many passages of scripture which speak of the eye's 
becoming dim by age, as well as from profane history, 

^ out the lens? 459. Can aged persons usually see distant objects clearly ? How is this 

' explained ? Will spectacles that answer well for a person at one age afterward become 

Qseless] What is the explanation ? 460. Hdw long have spectacles been used 7 Did 
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that the eyes of persons in ancient times sufFered the 
same change by age as the;j do now ; but we have no 
reason to suppose that they possessed any remedy for the 
defect. With what regret, therefore, must the ancients 
have observed the first appearance of this change in their 
eyes, which, in a few years, must render them compara- 
tively useless, during the remainder of their days, for 
many of the most important purposes of life ! 

461. The Visual Angle. — The visual angle of a body is 
the angle made by two lines drawn from its extremities to 

the eye. Thus let A B be 
an object placed before 
an eye, E ; the angle 
made at E by the two~ 
lines, A E and B E, is 
the visual angle. 

The magnitude of 
this angle for any object, it will be seen, depends upon its 
distance from the eye; for if the object is removed further 
off, as to A' B', the two lines drawn from its extremities 
to the eye approach nearer to each other, or, in other 
words, do not make so great an angle with each other as 
when situated at A B. So if it was placed nearer to the 
eye the angle would be larger, as will readily be seen. 

462. Apparent Magnitude of Objects. — It is upon the 
size of the visual angle that the apparent magnitude of an 
object seen by the eye depends. As the rays of light 
from an object cross each other before reaching the 
retina, it is evident that the size of the image must always 
be in exact proportion to the magnitude of this angle ; 
hence, when an object is situated at a distance, it must 
always appear smaller than when placed near the ob- 
server. This we well know to be the case. For this 
reason parallel lines seem to the eye to approach each 
other as they recede. Every one has observed this when 
looking at the rails upon a railroad, or at the rows of trees 
on the opposite sides of a straight turnpike. At a dis- 

the ancients possess any remedy for this defect of vision ? 461. What is the angle of 
vision of a body 7 Upon what does the magnitude of this angle for any body depend 1 
462. Upon what does the apparent magnitude of a body depend? IIow do parallel 
liucs that recede from the eye appear ^ What example, that is frequently seen, is men- 
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tance they seem much nearer together than in our imme- 
diate vicinity. 

As we judge of the magnitude of a distant object by 
the magnitude of the visual angle, which, as we have 
seen, depends upon the distance of the object, it is plain 
that, before determining the size of the object, we must 
form some opinion of its distance. 

Oftentimes we are aided in making our estimate of the 
magnitude of distant objects by other objects in their 
vicinity, the size of which is known ; but if a body is en- 
tirely alone, and we have no means of determining its 
distance, we can form no correct estimate of its magni- 
tude. A person lying upon his back in the open air per- 
ceives a fly passing before him, only a few feet from his 
eye, but for a moment he takes it to be a large bird high 
in the air, until some of its motions, or some other cir- 
cumstance, reveals its true character. As soon as this is 
known he judges correctly of the distance, but before any 
circumstance occurred to indicate the real character of 
the object, or its distance, he was utterly unable, by the 
mere formation of the image on the retina, to determine 
either. ^'t'Ui.'-^.ji^ 

463. When an object is brought nearer to the eye than 
the least distance of distinct vision (447,) it becomes con- 
fused, because the eye is then unable to bring the rays to 
a focus on the retina ; on the other hand, if it is carried 
so far from the eye as to diminish the angle of vision be- 
yond a certain limit, it becomes invisible, the image being 
too small to produce the sensation of sight. 

464. The eye always perceives an object in the direc- 
tion from which the light from the object came on enter- 
ing it, without reference to any change of direction it 
may previously have undergone, either by reflection or 
refraction ; hence the image of an object seen in a plain 
mirror appears to be behind it. This is truCj not only of 

tioned? Dowe, in judgingafft;he^ag:nitude of ^ body, firpt judge ofitB distance? How 
are we ofrenf imes aided in ifbrming our estimate of a distant object ■? Wl\y will a per- 
son looking upward in the open air often mistalce a fly moving near him for a large 
bird at a distance 1 463. Wh^ is an object not seen clearly when brought nearer that 
the least distance of distinct vision % May an object be removed so far from the eye as 
to become invisible 7 464. What is 'the direction in which an object aln;ay.6 appears to 
the eye 1 Is this true, also, of all the parts of an object 7 

25 
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Image Inverted. 



an object considered as a whole, but also of all its parts. 
Suppose three small. objects, ABC, placed one above 

another before 
an eye, E, so 
that all can be 
seen at the same 
time ; the posi- 
tion of each is 
clearly seen by 
the direction in 
which the light 
comes to the 
eye. A is seen uppermost ; then B a little below it ; then 
C ; though their images upon the retina, a b c, are in the 
reverse order, a being lowest, then b above it, then c. 

465. Keeping these facts in view, we shall have no 
difficulty, it is believed, in deciding the question which 
has been so often discussed, why we see objects . erect 
when their images are formed inverted on the retina ? 

For suppose 
the objects, in- 
stead of being 
separated, are 
united in one, 
as A B. The 
part A, it is 
evident, must 
be seen above 

B, because of the direction in which the light comes from 
it, as really as if it were a separate object ; and, for the 
same reason, the part B must be seen below A, though 
at the same time the image, b, of the part B is above a, 
the image of the part A. The same might, of course, be 
said of all the other points in the object, A B. 

It appears, then, that if the eye always sees objects, 
and, of course, the different parts of objects, in the direc- 
tion from which the light was coming from them to the 
eye at the time of entering it, the appearance of the ob- 




Object seen Bred. 



QnEBTiON 46S. As a neceseary consequence of this, must the imaae on the retina be 
liwerted, in order that the olfject may appear erect to the eye 1 
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ject in an erect position is a necessary consequence of 
the inverted position of the image upon the retina, and 
that, if the image upon the retina was erect, to the eye 
the object must necessarily appear inverted. 

466. To make this still plainer, let the central straight 
line in the last figure, be the axis of the eye ; then consider- 
ing A and B separate objects if a were not below the axis, 
the object A would not be above it, and if & were not above 
it, the object B could not be below it ; or, supposing the two 
objects, A and B, united together, and a b, the images of its 
parts, if the image were not formed in an inverted posi- 
tion on the retina, the eye could not see the object erect. 
That the eye should see objects erect when the image is 
formed on the retina inverted, therefore, so far from being 
wonderful or mysterious, is only a necessary result from 
the well-determined fact that every object, or the parts 
of an object, will always appear to be in the direction 
from which the light comes to the eye. If the light from 
an object, as before stated, or any part of an object, is 
bent out of its course during its passage to the eye, then 
the object, or part of it, from which the ray was emitted, 
will appear to be situated in the direction from which 
the light was coming as it en- 
tered the eye. 

467. Another circumstance 
which has occasioned much dis- 
cussion is the well-known fact 
that, though in persons whose 
sight is perfect there must always 
be two images formed, one on 
the retina of each eye, yet only 
a single object is seen. But it is 
believed this results entirely from 
the circumstance that when a 
person looks at an object he 
Near Object. dirccts the axcs of both eyes 




Question 467. Is the/e always an image of the object formed in each eye*? Why, 
then, does not the object appear double 7 How are the axes of the eyes directed when 
loolcing at an object t What will be the etfec^if the axes of both eyes are not directsd 
precisely to the object % How may this be shown 1 
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toward it. Thus, when a person looks at a near ob- 
ject, as represented in the figure, both eyes are turned 
inward, so that their axes produced would meet in the 
object, O. When he looks at a more distant object they 
will be less turned inward, as in the next figure ; and 
when the object is very distant, the axes of the eyes will 
be nearly parallel. As each eye, then, sees the object in 
the direction from which the light comes to it, it will ap- 
pear to both in the same position, or, which is the same 

thing, but one 
object will be 
perceived. If, by 
any means, the 
axes of both eyes 
do not point pre- 
cisely to the ob- 
ject, it will then 
appear double. 
This may be ea- 
sily shown by 
looking at a win- 
dow, and press- 
ing gently with 
the finger against 
the lower side of one of the eyes, by which its axis will 
be turned a little upward ; the horizontal bars will then 
all appear double ;- but if he presses against the right or 
left side of one of his eyes, the upright bars will be 
doubled. 

468. Persons addicted to squinting, in which one or 
both of the eyes are turned out of their natural position, 
always see objects double, but by long experience they 
acquire the habit of attending to the sensation of only 
one eye at a time. 

469. The Punctum Ccscuni. — The optic nerve, as we 
have seen, enters the eye at a point about y'^th of an inch 
from the axis, on the side toward the nose ; at this point 




Object at a Distance. 



QtTESTlON 468. Must persons addicted fo squinting always see objects double t What 
habit la acquired by them which to some*xtent remedies the difficulty 7 459. Where 
does ths optic nerve enter the eye 7 What is meant by Ihs punctwin cctcwm"? Kow 
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■ Acre is a space of some extent, sometimes called the 
punctum ccecum, that is quite insensible to the action of 
light. To determine this, let a pei'son place three small 
wafers about three inches apart on a sheet of white paper 

. before him, and then shutting the left eye, let him hold 
his head within six or eight inches of the paper, just so 
that he can, with his right eye, see all the wafers. Then, 
keeping his left eye closed, let him look attentively at the 
wafer at the left hand, and gradually remove his head 

■■from the paper to the distance of twelve or fourteen 
inches, and the middle wafer will entirely disappear, 
while the two at the outside are clearly seen. 

470. Duration of Impressions in the Eye. — Impressions 
made on the retina continue for a certain time, and there- 
fore a person does not lose sight of an object by winking. 
If a red-hot iron, or a piece of burning charcoal, is made 
to revolve ten times a second, the eye will perceive a 
continuous circle of fire, which could not take place 
unless the impression on the retina remained a tenth of 
a second. Some writers affirm that it remains about one- 
seventh of a second. 

Taking advantage of this property of the eye, the toy 
called the thaumatrope has been constructed. It consists 
of a circular piece cut out of a card, with two threads 
fixed to it on opposite edges,' by twisting which between 
the thumb and finger it may be made to revolve with 
some rapidity. On the opposite sides of the card two ob- 
jects, having some relation to each other, are painted in 
the proper position, so that when the card is twirled 
round they appear connected, both objects, though on 
opposite sides of the card, being seen at the same time. 
Let A B be one sid& of a circular card, with a cage 
painted upon it, and C D the other side, with the figure 
of a bird upon it. Now, when the card is twirled.. 
round, as supposed, the bird will appear as if quietly 
peiched in-the cage, both figures being seen with equal 

ma> the existence of such an insensible point be proved 1 470. Do impressions pro- 
duced on the retina remain for a time ? If a piece of red-hot iron or burning cliarcoal 
is made to revolve ten times a second, what will be the appearance to the eye 1 Wiial 
length of time, then, must the impression remain on the retina ? What does the thau- 
matrope consiet of 1 How is it used 1 Do we see 'both sides of the card at the sania 

"-' 25* 
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^^— ~^ ^ distinctness. Sometimes 

/^^m\ \ I ^ \ ^ horse is painted on one 
aL BHI Vn. Wk i? ^^^^ ^^ '■^^ C2sdi and the 
A Ilii i /) A ^s l\ ^i'i®'' upon the other, who, 
/\liiiiliy'( \ y^ I by the motion of the card, 

^ ^ — ''"^ is made to appear seated ' 

Thaumatrope. properly . upon his steed. 

This is occasioned by 
the permanence, for a time, of the sensation upon the 
retina ; an image of the object upon one side of the card 
is first formed, and remains until the card is brought 
around so as to bring the figure upon the other side in 
view. The consequence is, as above stated, that both 
figures are really seen at the same time. 

Any person unaccustomed to drawing, may easily pre- 
pare an apparatus of the kind by procuring pieces of 
paper with the necessary pictures, and pasting them in 
proper position on the opposite sides of the circular piece 
of card. 

471. Persons are occasionally met with whose eyes 
appear to be insensible to particular colors, while they 
can distinguish all others with certainty, and their sight 
is, in other respects, perfect. In the cases which occur 
most frequently the individual confounds red with green, 
not only mistaking one for the other when presented to 
him alone, but even being unable to distinguish one from 
the other when presented to him together, considering 
them "a good match." 

A tailor has been known to repair an article of dress, 
the color of which was black, with crimson, not noticing 
the difference ; and an officer in the navy once purchased 
a blue uniform coat and vest, with red breeches to match. 

472. If a slip of white paper half an inch wide is held 
about a foot from the eye, and the attention directed to 
some object beyond on the opposite side of the room, 
after a few trials it will appear double. If, now, a can- 
dle is brought very near to one eye, so as not to shine 
upon the other, the slip of paper appearing on the side 

QnESTiON 471. What is said of the eyes of certain persons in respect to certain colors t 
In the cases which occur most freiuently, what colors are mistalceft for each otlior 1 
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next to the light will seem to be of a yellowish red, while 
that on the other side will be of a pale green. If the slip 
of paper is made so wide that one image overlaps the 
other, one side will appear red and the other green, but 
,the overlapping part will be white. 

It will be observed that the two colors which are seen 
are complementary (429) to each other, but no full expla- 
nation of the phenomenon has yet been given. 

473. The eyes of most of the larger land animals are 
similar to those of man, but they are often more or less 
modified, to adapt them better to their particular modes or 
life. Several of these peculiarities in the eyes of animals 
have already been alluded to (451.) 

474. The eyes of insects are generally compound ; 
that is, each eye is composed of many separate eyes, sit- 
uated side by side. This is the case with the eye of the 
common house-fly, the beetle, butterfly, and the dragon- 
fly. This appears to be designed to compensate for the 
want of motion in the eye, which, in such cases, is always 
fixed. They are thus enabled to see in different direc- 
tions at the same time. 

The eye of the butterfly, when examined by the mi- 
croscope, is found to be divided into an immense number 
of little squares, by a firm partition, in each of which is a 
perfect eye. In the yellow beetle these little cells are 
six-sided, like the cells of a honey-comb, but much 
smaller. 

The eyes of insects being so small, they can, no doubt, 
perceive much smaller objects than man is capable of 
seeing, but at the same time their vision can not extend 
so far. 



OFTICAL IN8TIIUMBNTS. 

Several' optical instruments have already been in part 
described, as the different kinds of mirrors and lenses ; 

Question 473. Are the eyes of most land animals similar to those of man 7 474. Of 
what are Che eyes of most io'gects composed ) For what does this appear designed to 
compensate 1 What is the appearance of tlie eye of the buttertly when examined by 
a microscope 1 
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but othrrs of great importance, mostly formed of combi- 
nations of these, remain to be noticed. 

475. Photometers. — An instrument designed to deter- 
mine the relative intensities of different lights is called a 
photometer ; several of which have been invented, but no 
one of them has come into general use. There seems, 
indeed, to be no better method to determine the relative 
intensities of two or more lights than that proposed by- 
Count Rumford. Let us suppose that we are to compare 
the intensities of the light from two lamps. They are to be 
taken into a room from which all other light is excluded, 
and placed in front of a white screen ; some opake object 
is then to be held between them and the screen, so that 
the shadows formed by the two lamps may fall side by 
side upon the screen. If the two shadows are not now 
of equal intensity, one or the other of the lamps is to be 
moved backward or forward until thfey are made as 
nearly equal as possible, and then the distance of each 
lamp from the screen is to be measured. The intensities 
of the two lights will be to each as the squares of these 
distances. Suppose, for instance, that when the shadows 
formed by the two lights are equal, the distance of the 
first from the screen is 3 feet and that of the second 4 
feet; their comparative intensities will then be as 9 to 16. 

476. T?te Kaleidoscope. — 
The kaleidoscope is an in- 
.E strument for creating and 
^ exhibiting beautiful forms. 
It is formed by placing two 
' pieces of painted glass to- 
gether in such a manner 
that the angle between 
them shall be an aliquot 
part of a whole circumference, or 360 degrees, and in- 
closing them in a case so as to exclude all light except 
that from the proper direction. Let A and B be two 
plates of glass 8 inches long and 2 inches wide, painted 




Kaleidoscope. 



auESTioN 475. What is the design of the plwtometer 7 What is the method proposed 
by Count Rumford for determining the relative intensities of two or more lights t 476. 
What is the kaleidoscope 7 How is it formed 1 
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blafck on the outside, and placed as in the figure, making 
the angle, C, between them, 60°, or just one-sixth of 360°. 
If the eye be now placed at E, so as to look through be- 
tween the plates, by the various reflections of the plates 
from side to side, the angle or sector C, will appear to be 
multiplied five times, producing the circle of six sectors, 
C, C 1, C 2, C 3, C 4, C 5. If any small object, as a piece 
of painted glass, is placed in the sector C, it will, of 
course, appear in each of the other sectors, C 1, C 2, C 3, 
&c., forming a symmetrical figure around the centre. 
The plates are usually inclosed in a cylindrical case, and 
several pieces of glass of different colors are placed in C ; 
these, by turning the instrument, are constantly changing 
their position forming around the centre of the circle an 
endless variety of beautiful figures. 

477. The Camera Obscura. — The camera obscura is an 
instrument for forming images of objects, as of a land- 
scape, on a screen of paper or other substance within it. 
The name means simply darkened chamber, and is applictl 
to the instrument because this is a necessary part of it ; 
but, as we shall hereafter see, it may be a large room to 
contain a number of persons, or very small, so as only to 
receive the screen on which the image is formed, the ob- 
server being obliged to look in through a small aperture. 

478. The simplest camera obscura that can be formed 
consists merely of a small aperture in the window-shut- 
ter of a darkened room, before which a screen of white 
paper is to be held. Rays of light received through a 
small aperture upon a screen tend to form an image of 
the object from which they proceed, and not an image of 
the form of the aperture, as might be supposed. Thus, if 
the light of the sun be admitted into a room otherwise 
dark, through-a small hole in the shutter, a round image 
of the sun will be produced upon a screen, held at a little 
distance from the hole, whatever may be its form. If the 
screen is held too near the hole^ however, this will not 
take place, but a luminous spot will be seen of the general 

Question 477. What is the camera obscura? What is the meaning of the name? 
478. of what does the 'simplest camera obscura consist 1 Will rays of light pass- 
ing ttirough a small aperture form an image of the object from which they pro. 
eced t Will thia be the case whatever may te? the form of the aperture itself I What 
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form of the aperture, with its angles more or less rounded, 
depending upon its size and the distance the screen is 
held from it. The rounding of the angles is evidently to 
be considered as an approximation to the form of the sun. 
To try this experiment, let a large hole be made in the 
wooden shutter of a room, and covered with a sheet of 
lead, in which smaller apertures may be cut at pleasure, 
of any form desired. If a mere slit is made in the lead, 
when the screen is held near it an elongated image of the 
sun will be formed ; which, however, becomes more 
nearly circular as thfe screen is carried further off, until, 
at length, a perfectly circular image is produced. If the 
aperture is square or triangular, or whatever its form, the 
same result will be obtained. t 

If a number of small pin-holes be made, each will give 
a distinct image of the sun if the screen is held near them, 
but as it is moved further off they will increase in size 
and overlap each other until they combine to produce a 
single large and well-defined image, just as if the whole 
space of the shutter in which they are contained had 
been removed, except that it is less brilliant. If a circu- 
lar aperture is made, and one or more lines drawn across 
it, when the screen is held beyond a certain distance no 
shadow of the lines will be seen, but as perfect an image 
of the sun as if they had not been there. 

479. To understand clearly the reason 
of this, it is to be observed that the sun 
presents toward us a disc or surface of a 
certain extent, from each point of which 
rays are emitted, so that pencils of them 
enter even small apertures, slightly di- 
verging, and crossing each other. Now 
a large aperture, as one a quarter of an 
mch square, may be considered as made up of a multi- 
tude of small ones, all united together ; and as each of 
these small apertures would produce an image of the sun, 

will be the effect if the screen is held too near the aperture 7 How may the experiment 
be tried 1 If a number of small pin-holes be made in the shutter, wdi the liffht from the 
Bun still form an image of the sun upon a screen within f Must the screen be held a* \ 
distance from the aperture 1 479. Do the rays from the sun cross each other in passing 
throuiih pn aperture? May a large aperture be considered as made up of many smili 




VISION. 



297 



the large image may be supposed to be composed of a 
multitude of small images, all blended together. Thus, 
if we form a small square, A B C D, and from points in 
its sides draw several small circles, it will be seen that 
the outline .of the whole very nearly approximates the 
form of the circle ; and the deviation from the circular 
form becomes less and less in proportion as the diameter 
of the small circles is increased. Now, as has just been 
stated, any aperture, whatever may be its form, may of 
course be considered as made up of many small aper- 
tures ; and the result should therefore be the same, viz., 
the production of a circular image of the sun. 

If these experiments are made during an eclipse of the 
sun, the images will always be of the same form as the 
disc of the sun toward us. 

480. Biit the ima- 
ges of other objects 
may be formed by 
transmitting light 
through small aper- 
tures into a darkened 
room, as well as that 
of the sun. Thus, 
let B be a bird stand- 
ing upon a branch of 
a tree at a little dis- 
tance from the win- 
dow-shutter, S, of a 
darkened room ; if the light is admitted only through a 
small hole in the shutter, and a sheet of paper is held 
near it, a beautiful inverted image of the bird. A, will be 
formed upon it. If the aperture is made too large the 
image will still appear, but it will be confused ; and if too 
shiall, it will be indistinct for want of light. 

481. But a much better image will be formed by plac- 
ing in the aperture a small double-convex lens ; the aper- 
ture may thus be made much larger, and therefore a 




Inverted Iviage, 



ones 7 What will be the result if the experiment is made during an eclipse of the stin? 
480. May the images of other objects be formed in the same manner as those of the sun ? 
What will be the effect if the aperture is made too large? 481. What will be the effect i( 
a double convex lens is placed in the aperture 1 Why will the image be more bril- 



298 



NATURAL PHILOSOPHY. 



greater quantity of light will be admitted, by which the 
brilliancy of the image will be greatly increased. If the, 
sheet of paper used for a screen is oiled before using it, 
so as to make it translucent (393,) the image will be seen 
with nearly equal distinctness on both sides at the same 
time, and the experiment may be conveniently shown to 
a large audience in the room. Sometimes the lens is 
fitted into a hollow ball, which is so adjusted in the shut- 
ter as to allow of being turned in different directions, 
and thus different portions of the landscape in front may 
be successively exhibited. Persons standing in front of it 
will have their images painted so distinctly on the screen 
within the room that they can be easily recognized. 
Such a piece of apparatus is called a scioptic hall. 

482. The common portable ca- 
mera obscura is constructed essen- 
tially on the same principle as the 
above, but is adapted for tracing on 
paper the outlines of landscapes 
and other objects, in front of which 
it may be placed. It is usually 
made of a square box, A B C D, in 
the top of which is fitted a tube con- 
taining a lens and a plane mirror, 
M, inclined so as to reflect the light 
from an adjacent landscape directly 
through the lens to the bottom of 
the box, as indicated by the dotted 
lines. Having placed the instrument upon a table befoje 
the landscape or building, the form of which' is to be 
traced, and adjusted the parts in a proper manner, a well- 
defined image is formed upon the paper on the bottom of 
the box. In the side A C is a large opening, through 
which the person has access to his paper, and all extra- 
neous light is excluded by means of a black curtain, L, 
which is drawn over him. The person stands, as will be 




Camera Obscura. 



liant "? What is the apparatus called when the lens is fitted in a hollow ball and placed 
in the shutter, so as to be capable of being turned in different directions 1 482. For 
what is the common portable camera obscura adapted 1 Where is the paper to be laid 
on which the image of the object is to be traced ? For what pu;'pose is there a larg? 
oi 'euipg in one side of the box 3 How is the hght excluded 1 Why is a meniscus 
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seen, with his back toward the object, and traces it ac- 
curately at his leisure, by means of the image on the 
paper before him. To diminish spherical aberration 
(376,) instead of a double-convex lens, a meniscus is often 
used, as represented in the figure. The tube containing 
the lens is made moveable, in order to adjust the lens to 
the proper distance from the paper, which will depend 
upon the distance of the object from the mirror. 

An improved form of this instrument is 
now made, in which a single piece of glass 
is substituted for the mirror and lens. Its 
general form is triangular, as A B C in the 
figure, but the side A B is made convex, 
and the side B C concave. The light enters 
on the side A B, and is totally reflected 
from the internal surface A C, and passes 
out at B C, forming an image below as before. 

483. The Camera Luci- 
da. — The camera lucida is 
an instrument used for the 
same purpose as the ca- 
mera obscura ; that is, for 
making drawings of land- 
scapes, buildings, and other 
objects. It is made with a 
single glass of the form A 
BCD, having all its sur- 
faces carefully polished. If an object, as M N, is placed 
-before it, so that the rays may enter the lower part of the 
side A 1) perpendicularly, they will be totally reflected 
from the internal surface, D C, to C B, and from that to 
the eye at E, causing the object to appear as if situated 
at m n. If, now, the eye is placed near thie angle B, so 
that one half of the pupil may receive the light directly 
from the paper on the table at m n, the outline of the ob- 
ject may be traced upon it with a pencil. The effect 
of the instrument, therefore, is to bring the reflected im- 
age of the object upon the paper on which it is to be 

used instead of a double-convex lens t What kind of a glass is used in the improved 
apparatus illustrated in the figure in paragraph 482 1 483. For what purpose is the 
camera lucida used t What is the effect of this instrument 7 

26 




Camera Ducida, 
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Magic Lantern. 



traced. The glass is usually inclosed in a socket of brass, 
except those parts through which the light is to pass, and 
supported by a rod, with a clamp and screw, to attach it 
firmly to the side of a table. 

484. The Magic Lantern. 
— This is, to a considera- 
ble extent, the i-everse of 
the camera obscura. By 
the camera obscura a di- 
minished image of a land- 
scape or other object is 
formed on a screen within, 
but by means of the magic 
lantern a magnified image 
of a small object is formed 
on a screen without. The 
objects used are generally small and nearly transparent 
paintings, made on glass ; an entirely opake object can 
not be used. This instrument, as usually made, consists 
of a tin box, painted black inside and out, with a lamp, 
L, and a reflector, M N, by which a strong light is thrown 
upon the object, so as to produce a brilliant image. On 
the side of the lamp opposite the reflector is a tube, A B, 
having a large plano-convex lens. A, and a smaller double- 
convex lens, B. Through C D is a slit for introducing 
the paintings, of which there are generally several on the 
same piece of glass ; so that one after another may be 
exhibited by sliding through the piece of glass. The de- 
sign of the lens A is to concentrate the strongest light 
possible upon the object, which is to be situated a little 
beyond the focus of the double-convex lens, B. The rays 
of light from the object or picture are then refracted by 
the second lens, B, and brought to a focus upon a screen, 
G F, placed at the proper distance, producing on it an 
inverted image. The lens B is usually contained in a 
smaller tube, which shdes in the other, so that it may be 

Question 484. How does the magictantem differ from the camera obFCural What 
are the objects generally used in this piece of apparatus ? Of what does this instru- 
ment consist ? What is the design of the large lens, A 1 Why is the second lens, IJ, 
usually contained in a smaller tube, which slides in the larger 1 How will the magni. 
tude of the image be affected by increasing the distance of me screen ? Will the ligh 
he as brilliant 1 
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drawn out or pushed in at pleasure, to accommodate the 
instrument to the distance of the screen. The further 
off this is placed, the more will the object be magnified, 
but the' light being spread over so great a surface, if the 
image is too much magnified, it becomes indistinct. This 
instrument is always used in the evening, or in a dark 
room. The drawing supposed to be in the lantern in 
the figure is a representation of an eclipse of the sun — S, 
the sun ; M, the moon ; E, the earth. 

485. The Solar Microscope. — The solar microscope is 
constructed on the same principle as the magic lantern, 
except that it is adapted for using the light of the sun in- 
stead of that of a lamp. The light is first reflected into 
the instrument, which is placed in a hole in the window- 
shutter, by means of a mirror so contrived as to be moved 
steadily in the proper position for reflecting the light of 
th6 sun, in the required direction, at any hour near the 
middle of the day. The lenses are exactly the same as 
those of the magic lantern. 

The solar microscope is generally used for forming im- 
ages of objects in natural history, as small insects, parts 
of plants, &c. No light, of course, must be admitted into 
the room, except that' which forms the image. 

486. The Single Microscope. — The single microscope, 
or magnifying-glass, is simply a double-convex lens, 
through which the observer looks at the object. When 
used, no image is formed, but the eye looks directly at the 
object itself. It is often fitted up in a case of horn or shell, 

so as to adapt 

, _^ it to be carried 

in the pocket. 
E 487. The rea- 
">^^ son why the 
double convex 
lens magnifies 
the apparent size 

Single Microscope. of objCCtS may 

Question 485. How is the solar microscope constructed ? In what does it differ from 
the magic lantern 1 For what purpose is the solar microscope generally used % 486. 
what is ' he single microscope, or Tnagnifying-glass 7 How does the eye look at the 
object when it is used 1 487. What is illustrated in the figure in paragraph 4871 How 
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be illustrated as follows : — Let L be a double-convex lens, 
and A B an object.seen through it by the eye, E. Let the 
dark lines drawn from the extremities, A and B, to the 
lens be the outermost rays tbat reach the eye ; in passing 
through the lens they are bent inward toward the axis, 
and the eye sees the points from which they were emitted 
in the direction from which they were coming when en- 
tering it. That is, the eye will see the extremities, A and 
B, of the object as if situated at A' and B' ; and, as the 
points between A and B will be affected in the same 
manner, it is evident that the object, A B, will appear to 
be enlarged to A' B'. 

488. By means of the double-convex lens wfc are able 
to see objects much nearer the eye than we otherwise 
could : indeed, it is only when seen at a less distance than 
in ordinary vision that any magnifying effect is produced. 
The magnifying power of such a lens is determined by 
dividing the least distance of distinct vision (6 inches) by 
the distance at which it is seen by the use of the glass ; 
or, which comes to the same thing, by the focal distance 
of the glass. Thus, suppose a magnifying-glass enables 
the eye to see clearly an object at the distance of 3 inches, 
it will appear twice as large as when viewed by the 
naked eye. If the objects by the use of the glass, can be 
seen when held only one inch from the eye, it will be 
magnified six times ; that is, it will appear six times as 
large as when viewed by the unassisted eye. 

489. If a small object is viewed through a perforation 
in a piece of paper, or other thin opake substance, it will 
appear magnified. This is because the more diverging 
rays from the object, which would otherwise enter the 
eye, are excluded by the paper, and the object is seen by 
the less divergent rays ; so that it can, in consequence, 
be brought nearer the eye. 



does it appear that the object will be seen magnitied ) 488. Are we able, by means of 
the magnilying-glass, to see objects when held nearer the eye than we otherwise could 1 
How is the magnifying power determined 1 If, by means of a double-convex lens, the 
eye is enabled to see an object at the distance of 3 inches, what will be its magnifying 
power? If the object is seen distinctly at the distance of an inch only, how much will 
It be magnified^ 489. Will a small object appear magnified if seen through a smaL' 
aperture made in some opake substance ? How is it explained 7 
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490. It should be noted here, that always when speak- 
ing of the magnifying power of any instrument, the 
linear magnifying power is meant, unless it is otherwise 
stated. Thus, when it is said that the magnifying power 
of a glass is 2 or 5, as above, it is meant that the appa- 
rent length of a straight line will be increased in that 
proportion. At the same time, the surface will be mag- 
nified in a much greater ratio, which is found by squar- 
ing the number which expi-esses the linear magnifying. 

These remarks are intended to apply to'all instruments, 
both microscopes and telescopes. 

491. Multiplying Glass. — If a piece of glass or other 
transparent substance, ground and polished, with several 

plane faces, is held be- 
.-,B . tween the eye and some 

small object, there will 
be seen as many objects 
■ as there are faces to the 
glass. This is called a 
multiplying glass. Let 
M N be a glass of this 
kind, having a plane 
surface toward the eye, 
E, and three plane faces on the side toward the object, 
A. To the eye, E, there will appear to be three objects, 
which will be seen with nearly equal clearness. A por- 
tion of the rays from the object. A, passing p_erpendicu- 
larly through the glass at the middle face, will not be 
bent out of their course, but other portions, coming in 
contact with the other two faces, will be bent inward to 
eye, so that the object will be seen, in accordance with 
laws already pointed out (464,) in the directions B and 
C. Glasses of this kind are sometimes made with a great 
number of faces, through each of which the object, if 
small, will be seen. 

492. The Compound Microscope. — The compound mi- 
croscope receives its name from the fact that it is com- 




Mulliplyifig Glass. 



QuBBTloN 490. What is meant by the linear magnifying power of an instrument? 
when the linear magnifying power of an instrument is 2, how much will the surface 
be magnified 1 491. What \&th& multipjying-glassl 492, How many lenses are lliere 
in the compound microscope! What is the object-glass? What is the ey 

- 1* 
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eye-glass 1 
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jjosed of two or more lenses, whereas, in the single micro- 
scope, there is but one. Let A B be a compound micro- 
scope, having its object-glass, A, which is toward the 



" B 

Compound Microscope. 

object, and eye-glass, B, which is toward the eye ; and 
let O be a small object before it. By means of the small 
object-glass an image of the object will be formed within 
the tube, as at I, which will be as much larger than the 
object as it is further from the lens (375.) Thus, suppose 
the object, O, is only a quarter of an- inch from the 
centre of the object-glass. A, while the image, I, is formed 
at the distance of 2 inches, it will then be 8 times as large 
as the object. That is, to the unaided eye, the image will 
appear 8 times as large as the object ; but, by means of 
the eye-glass, B, we are able to view this image and 
magnify it precisely as we view the object directly by 
the single microscope. Suppose, now, that by means of 
this eye-glass we are enabled to view this image at the 
distance of only one inch, the ordinary distance of dis- 
tinct vision being 6 inches ; it is plain that the image 
will be magnified 6 times. But as the image is 8 times 
larger than the object, the whole magnifying power of the 
instrument will of course be 6 times 8, or 48. 

If, instead of a quarter of an inch, the distance of the 
object from the object-glass -was only J^ of an inch, 
and the image formed at the distance of 6 inches, it 
would of course be magnified 60 times ; and if the same 
eye-glass is used as before, the whole magnifying power 
of the instrument would be 6 times 60, or 360. 

493. The field of view of an instrument, as a micro- 

What is the office performed by each 1 Will the image formed by the object-glass be 
larger or smaller than the object 1 If the distance of an object from the object-glass be 
one-tenth of an inch, and the ima^e be formed at the distance of 6 inches, how much 
will it be magnified? If, now, an eye-^lass is used, which enables the eje to look at 
the image at the distance of one inch, how great will be the whole magnifying power 
of the-instrumsiit ? 493. What is meant by the^eW o/" view of an inslrument i What 
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scopes or telescope, is the field or space the eye is capa- 
ble of taking in at a single view when using it. This, in 
a microscope with only two glasses, as described above, 
is exceedingly small ; and to increase it, a third lens has 
been added, called afield-glass. 

To make this plain, let us suppose an attempt is made 
to construct the instrument without the field-glass. Let 
A be the object-glass, and B the eye-glass ; O is a small 




object placed before it, of which a magnified image, m n, 
is formed. This image, it will be seen, exceeds the 
diameter of the object-glass, B, and the rays from a part 
of it only, which lies between p and g, can reach the eye 
at E. Though the object may not exceed jV'^^i o'' sV^h 
of an inch in length, therefore, only a part of it will be 
seen by the eye. 

But let us now introduce the field-glass, as F ; the rays 

which would, if this 
-m were not used, form 

the image, m n, as be- 
fore, are now brought 
sooner to a focus, and 
produce the image, 
pp, the whole of 
which will be seen 
through the eye-glass, 
B. The image being diminished, the object will, as a 
matter of course, appear less magnified than it would 
otherwise be ; but the field of view is so much enlarged 




Is the object of Vae Jield-glass 7 Will the object appear as much magnified by the usa 
of the field-glass as it otherwise would be 1 
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that, on the whole, the instrument is found to be much 
improved. 

The glasses of the compound microscope are usually 
carefully adjusted at the proper distances in a tube of 
brass, with an apparatus for holding the objects to be ex- 
amined, and a concave mirror or convex lens for illumi- 
nating them strongly ; and the whole attached to a 
proper support. 

A camera lucida is also often added to the larger in- 
strument for the purpose of making drawings of objects 
as they appear when viewed by them. 



TELESCOPE a, 

494. Telescopes are the reverse of the compound mi- 
croscope ; their design is to enable us to view objects 
which are so distant as not to be seen at all by the unas- 
sisted eye, or but indistinctly. 

Telescopes are of two kinds, the, feflecting and the re- 
fracting, both of which are much in use, each possessing 
]ts peculiar advantages. 

495. Refracting Telescopes. — It seems to be tolerably 
well ascertained that telescopes of some kind were known 
about six hundred years ago, but they were probably 
very imperfect, and no very accurate description of them 
has come down to us. The Galilean telescope, from the 




B 

Telescope of Galileo. 

name of its inventor, Galileo, who first made it public in 
the year 1609, is the oldest, the construction of which is 
now known. 

Qttbstiojs 494. what is the design of the telescope ? How many kinds of telescopes 
are there 1 In what do they differ from each other ? 495. How long have teleecopea 
been in use 1 What is the oldest telescope, the construction of which is now known t 
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This instrument is made with a double-convex object- 
glass, A B. and a double-concave eye-glass, C D, as shown 
in the figure. Let M N be an object situated at a dis- 
tance before it, so that an inverted image will be formed 
by the object-glass, A B, at wi n, if the concave eye-glass, 
C D, is removed. By placing a screen at this point the 
image received upon it might be examined directly, but 
the eye, placed at E, could not perceive the object, since 
the rays would enter it converging) which is inconsistent 
with distinct vision. But if a concave lens, C D, is in- 
troduced, the virtual focus (373) of which shall be at the 
point where the image would fall, the rays will emerge 
parallel, and produce a distinct image in the eye. 

This telescope, in consequence of the small field of 
view it affords, is not used now, except for viewing 'ob- 
jects at a moderate distance, as in a large room or thea- 
ter. It is then called an opera-glass. Usually two of 
them are attached to each other, at such a distance that 
one eye may be directed through each at the same time. 

496. If, instead of the concave lens for an eye-glass, 
the convex lens is introduced, the instrument becomes a 
common astronomical telescope; but the eye-glass must 
then be placed further from the object-glass, as will 
shortly be shown, and the object will be seen inverted. 
The astronomical telescope is represented in the figure. 



B 

Astronomical Telescope, 



m which A B is the object-glass, and C D the eye-glass. 
The object-glass is formed with a long focal distance, but 
the eye-glass with a focal distance much less ; upon this 



If the eye-glass were removed, why could not an eye placed at E, in the figure of this 
paragraph, see the object ? What purpose is served by the eye-glass ? For what pur- 
pose only is this instrument now usedl 496. What change only is required in this 
telescope to convert it into an astronomical telescope 7 Upon what does the magnify- 
ing power of thi:^ telescope dcpen^^ ? What purpose is served by the object-glass, uud 
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depends its magnifying power. Let M N be an object 
placed at a distance from the object-glass, so as !o form 
an inverted image, m n, at its principal focus, in the man- 
ner already described (375 ;) this image will then be 
viewed by means of the eye-glass, C D, just as in the 
compound microscope. 

Indeed, there is a striking resemblance between the 
astronomical telescope and the compound microscope. 
In the latter instrument a magnified image of 'the object 
is formed, which is viewed by means of the eye-glass, as 
a single microscope ; but in the telescope a diminished 
image is formed, which is viewed in the same manner as 
in the microscope. But though the image of the object 
in the telescope is very much less than the object itself, 
yet its apparent magnitude is often greatly increased, 
since we are enabled to inspect the image at a much less 
distance from the eye than the object is. 

497. In order to determine the magnifying power of 
the telescope, let us first suppose the image, m n, received 
upon a screen ; this image will be as much less than the 
object as it is nearer the lens, A B, than the object is ; 
but if the eye were situated in the lens, A B, the 
apparent magnitude of both would be the same. This 
appears from the fact that at this point both would sub- 
tend the same angle, as will readily be seen by examina- 
tion. Let us suppose, now, that the focal distance of the 
object-glass, that is, the distance from A B to mn, is 12 
inches, and that the eye is so placed as to view the image 
at the least distance of distinct vision, which is 6 inches ; 
its apparent magnitude would evidently be twice as great 
as that of the object. If the focal distance of the object- 
glass were 5 feet, or 60' inches, then, to the naked eye 
placed at the distance of 6 inches, the image would have 
10 times the apparent magnitude of the object itself But 

what purpose by the eye-glass of this telescope ? What is said of the resemblance be- 
tween this telescope and the compound microscope 7 If the ima^e of an object iu a 
telescope is smaller than the object itself, how does it appear that its apparent magni- 
tude may be increased by it 1 497. If we suppose the eye placed in the object glass of 
the telescope, and the image received upon a screen, what will be the comparative ap- 
parent magnitude of the object and image as seen by it 1 How does this appear 1 If 
the focal distance of the object-glass be 12 inches, and the image be viewed by the eye at 
the distance of 6 inches, how would the apparent magnitude of the object and ima^e 
compa'^e i How does the eye-glass act 1 If tne focal distance of the object-glass be faO 
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then the image is always viewed by means of an eye- 
glass, which acts precisely as a single microscope, and 
enables the observer to see it when situated much nearer 
the eye than the distance mentioned, 6 inches. Let us 
suppose, then, that by means of the eye-glass the eye is 
enabled to see the image at the distance of only one inch, 
by which it would, of course, be magnified 6 times ; the 
whole magnifying power, in the last case mentioned above, 
would then be 6 times 10, or 60 times. But this same 
result might evidently have been obtained by dividing 
the focal distance of the object-glass, 60 inches, by the 
focal distance of the eye-glass, 1 inch ; hence, to find the 
magnifying power of the astronomical telescope, we have 
only to divide the focal distance of the object-glass by the 
focal distance of the eye-glass. 

As the eye-glass should be placed so as to have the 
image in its focus, it is evident the distance of the two 
glasses apart t)ught to be just equal to the sum of their 
focal distances. Generally the object-glass is consider- 
ably the largest, and the eye-glass is placed in a tube 
somewhat ' smaller than that which contains the former, 
so that it may be moved backward and forward as may 
be found necessary in viewing objects at different dis- 
tances, or to accommodate the instrument to the eyes of 
different persons. In this telescope it is evident that ob- 
jects will always be seen inverted ; but for astronomical 
purposes this is of no consequence, since their true place 
and position can be just as readily determined. 

498. By adding to the astronomical telescope two 
other lenses of the same focal distance as the eye-glass, 
the terrestrial telescope, or common spy-glass,'is produced. 
The design of these additional lenses is merely to cause 
the object to be seen erect ; an inverted image of the ob- 
ject is first formed, as in the instrument just described. 



inches, anrl by means of the eye-glass the image may be viewed at the distance of 1 incn 
only, what would be the magnimng power of the instrument 1 How is the magnify- 
ing power of the telescope to be found 1 What distance apart must the two glasses be 
placed? Which of the two glasses is usually largest ? Why is the eye-glass placed in 
a tube so as to allow of being moved backward and forward 1 How will the object 
always be seen in this telescope? 498. How does the terrestrial telescope^ or spy-glass, 
differ from the astronomical telescope ju.^t described 1 What is the design of these two 
additional glasses % What is represented in this figure ? To what does the lens C D 
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and then an inverted image of this image, which is seen 
by the eye as before. 

The annexed figure represents the glasses of the terres- 
trial telescope removed from the tube. A B is the ob- 
ject-glass, by means of which an image, mn, of the ob- 
ject, M N, is formed in its focus ; C D corresponds to the 



Telescope. 

eye-glass of the astronomical telescope, and is so placea 
that the image, m n, is in its focus. From C D the rays 
emerge parallel, and by the second eye-glass, IF, are 
again brought to a focus, forming an image, m' n', of the 
first image, which is erect like the object. This last im- 
age is seen by the eye at E, magnified by the third eye- 
glass, G H. The magnifying power of this telescope is 
found in the same manner as in the astronomical tele- 
scope, by dividing the focal distance of the object-glass, 
A B, by that of the first eye-glass, C D ; the effect of the 
other glasses, as already intimated, being only to reverse 
the position of the first image. 

These three eye-glasses are usually fixed in a tube, in 
the proper position with respect to each other, so as to 
slide backward and forward in the tube which contains 
the object-glass, A B. As a portion of light is lost at 
every refraction, objects are seen less distinctly with this 
instrument than with the astronomical telescope ; but, as 
it shows the objects erect, it is preferred for use in view- 
ing terrestrial objects. 

499. Achromatic Telescope. — Since the primary colors 
of light are always separated more or less when it is re- 
fracted, this effect must follow when refraction is pro- 
duced by means of a lens, as well as when the prism is 

correspond in the aetronomical telescope t Are objects seen as distinctly by means of 
the terrestrial as by the astronomical telescope? What reason is given? 499. When 
the primary colors of light are separated by the action of a lens, how will they be ar- 
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used ; but the colors, instead of being situated as in the 

solar spectrum (378,) will be arranged in concentric 

rings. We have seen that when two similar prisms are 

used, having different dispersive powers, and placed in 

opposite positions, the light will still be bent out of its 

course, but the colors will nearly disappear. To destroy 

the colors, therefore, produced by the double-convex lens, 

it is only necessary to connect with it a double-concava 

lens, made of glass, whose dispersive power is greater 

than that of the glass of which the convex lens is made. 

The concavity of the concave lens being somewhat less 

than the convexity of the other, the rays will still be 

brought to a focus, though at a greater distance 

from the glass than if the concave lens were 

not used, forming a colorless or achromatic 

image, that is, an image of the natural color of 

I the object. 

It is found that flint-glass (that of which 
drinking-glasses are usually made) and ci'own 
A^ro^ic gl^-ss (common window-glass) answer well this; 
Lens. purpose, the dispersive power of the former be- 
ing considerably greater than that of the latter.. 
The figure represents an achromatic object-glass, AB 
being a convex lens of crown-glass, and C D a concave 
lens of flint-glass. 

A telescope with an object-glass of this kind is called 
an achromatic telescope. 

500. Reflecting Telescopes. — The reflecting telescope, 
instead of the object-glass, contains a concave reflector, 
or speculum, in the focus of which the image is formed, 
and is viewed by means of an eye-glass, in the sam& 
manner as in the refracting telescope. 

There are several kinds of reflecting telescopes, as the- 
Gregorian, Newtonian, Herschelian, and the Cassegrain- 
ian, each of which has received its name from its in- 
ventor. 



ranged ? To destroy the colors produced by a double-convex lens, what only is neces- 
sary T Must the concave or convex lens have the greater dispersive power % Must the 
concavity of the concave lens eqnal the convexity of the convex ? What two kinds oi 
glass are found to answer the purposes required 7 500. How does the reflecting tele* 
scope differ from the refracting ? What different kiuds of reflecting teleBCopes ar» 

27 
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The next figure represents the Gregorian telescope, in 
which A B is a concave metallic speculum, with a hole 




Gregorian Telescope. 



in its centre, and C D a much smaller one, supported so 
as exactly to front the first. By means of a screw, W, 
the small speculum is moved backward and forward, so 
as to adjust it at the proper distance from A B, which 
should be a httle gi-eater than the sum of their focal 
distances. E and F are eye-pieces, which are usually 
plano-convex lenses, having their convex surfaces turned 
toward the object. Now, suppose rays of light, M N, 
from the extremities of some distant object, to strike upon 
the large speculum, they will, of course be reflected 
to a focus, and will form an inverted and diminished im- 
age, m n, in front of the small mirror, a little further from 
it than its principal focus. By means of the small mirror, 
light from this image, as from a new object, will be again 
reflected through the hole in the large mirror, and a 
second erect image formed, m' n', which is viewed mag- 
nified by the eye-glass, F. The lens, E, might be dis- 
pensed with, but is always used for the same purpose as 
the field-glass (493) in the compound microscope. 

The Cassegrainian telescope is precisely the same as 
the Gregorian, except that the small mirror, C D, is made 
convex, so that the length of the instrument is somewhat 
diminished, the virtual image of the small mirror being 
formed behind it. 

The Newtonian telescope was invented by Sir Isaac 

mentioned ? How many reflectors has the Gregorian telescope % Where is the image 
from the large speculum formed 1 What is the use of the small mirror 1 What is the 
design of the eye-glass ? By whom was the Newtonian telescope invented 7 Of what 
does it consist ? 
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Newton, and is shown in the annexed figure. It consists 
of a concave speculum, A B, placed at one end of a tube, 




Newtonian Telescope, 

from which rays of light, M N, from an object are reflected 
so as to form an inverted image, m n, in its focus ; but a 
small plane mirror, C D, inclined to the axis of the instru- 
ment, is interposed, and it is reflected to m' n', where it is 
viewed by means of the eye-piece. 

501. It only remains for us to describe the telescope of 
Herschel, which for astronomical purposes is much used . 

This telescope is made like that of Newton, except that 
the reflection from the plane mirror is avoided by inclin- 
ing the speculum, A B, a little to one side, so that the 
image is formed on that side of the tube, as at E, where, 
of course, the eye-piece is placed. The head of the ob- 
server being at E, some portion of the rays, M N, are 
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Herschellian ^Telescope. 

intercepted, but not as large a portion as is lost by the 
reflection from the plane mirror in Newton's telescope. 
In viewing near objects, too, especially if the instrument 
is very short, some distortion of the image would be pro- 
duced ; but nothing of this is observed when it is of con- 
siderable length and used for astronomical purposes, for 

Question 501. In what does Herschel's telescope differ from the Newtonian 1 How 
does the observer stand when using this telescope! What was the diameter of the 
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which it is chiefly, if not wholly, intended. In using this 
instrument the observer, of course, stands with his back 
toward the object. 

The magnificent telescope constructed by the elder Dr. 
Herschel has often been described. The speculum it 
contained was four feet in diameter, and had a focal 
length of forty feet. The highest magnifying power of 
the instrument was 6450, which, however, was seldom 
used, a lower power being generally preferred. 

Recently a still larger telescope has been constructed 
in Ireland, by the Earl of Rosse. The form of this tele- 
scope is the same as that of Herschel's, just described ; 
but the great speculum is much larger, being six feefin 
diameter, and having a focal distance of fifty-four feet. 
Its thickness is five and a half inches, and its weight 
nearly four tons. 



CHAPTEK VI. 

MAGNETISM. 



502. Magnetism is the science which treats of the 
properties and effects of the magnet. 

Description. — The natural magnet is an ore of iron 
found in the earth, pieces of which have long been known 
to possess the power of attracting each other, as well as 
pieces of iron and steel, when brought in their vicinity. 
The name magnet, given to pieces of this ore, is said ta 
be derived from Magnesia, a town in Greece, from which 
they were obtained. 

503. This ore of iron is now found in almost every 
country, and is usually called loadstone. Sometimes 
pieces of it are cut into regular forms, and used as mag- 

speculum in Herschel's ffreat telescope? What was its focal distance 1 What is the 
diameter and focal distance of the telescope recently constructed by the Earl of 
Rosse 7 502. What is magnetism? What is the magnet? Wltat peculiar property 
^nes it possess ? 503. Is this ore of iron very commonly found ? What is it called? i*'a 
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nets. They are often called natural magnets, to distin- 
guish them from artificial magnets, which are pieces of 
steel to which the magnetic property has Been imparted 
in a manner to be hereafter described. 

If a mass of this ore of iron, of tolerably regular form, 
be rolled in iron filings, there will generally be found two 
points, and only two, nearly opposite each other, on which 
the filings chiefly collect ; between these points few only 
will adhere. These points where the filings collect are 

called thepoZes of the magnet. 
N S represents a natural mag- 
net which has thus been rolled 
in iron filings ; N and S are 
the poles around which the 

I^ad.UneandZnFUines. fihogS chicfly CoUcCt. 

If the magnet be placed 
upon a piece of wood in a basin of water, the piece of 
wood — supposing it, of course, capable of floating in the 
water with the loadstone upon it — will turn round, what- 
ever may be its position at first, so that one of the two 
poles shall be toward the north, which is therefore called 
the north pole, and the other toward the south, and is 
therefore called its south pole. Its tendency thus to 
arrange itself is called its directive property, and has been 
long known. Often pieces of loadstone are seen of so 
regular a form that they may be suspended by a cord, so 
as readily to place themselves in this position. 

504. When two magnets made to float upon water, as 
described above, are brought near each other, it will be 
found that, when two north poles or two south poles are 
presented together, they repel each other, but when a 
north and a south pole are presented together, they attract 
each other. We have, therefore, this principle, that like 
poles repel, but unlike poles attract each other. . 

505. Induction of Magnetism.— The magnet has the 

piece of the native magnet is rolled in iron filinars, wliat is the result 1 If the ma^et is 
placed upon a piece of wood capable of floating with it in a basin of waler, in what 
direction does it settle 7 What is the north and what the south pole of the magnet 1 
What is meant by the directive property of the magnet 1 5* 4. When two masnets, 
floating upon separate pieces of wood in a basin of water, are brought near ea/:(i other, 
what is observed ? _ . 

27* 
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power of communicating its properties to pieces of steel 
simply by being brought, for a short time, in contact with 
them. The pieces of steel are then said to be magnetized, 
and are called artificial magnets ; and are found to be so 
perfectly identical with the natural magnet, that in ex- 
amining the phenomena of the science they may be sub- 
stituted for the latter, and are indeed generally preferred 
because of their being more easily made in any form de- 
sired, and being also less liable to be broken by accident. 
The north pole of an artificial magnet usually has a line 
drawn across it, to distinguish it. 

A slender bar of steel 
magnetized in this manner, 
and suspended at its centre 
of gravity upon a pivot, so 
as to move freely, consti- 
tutes the magnetic needle. 
It is represented in the fig- 
ure. When the needle is 
suspended in this manner, 
whatever may be its posi- 
tion at first as to the merid- 
Magnetic Needle. ian, when left to itself, after 

a few oscillations it soon set- 
tles in the direction of north and south, the north pole, 
N, being to the north, and the south pole, S, to the south. 
506. Two needles of this kind serve as well to perform 
the experiment described above (504) as natural magnets 
placed upon pieces of wood floating in water. When two 
similar poles are brought near together, a strong repul- 
sion is observed ; but if the poles are unlike, there will be 
an equally strong attraction. The repulsion or attrac- 
tion is mutual, no doubt, and both the needles move more 
or less if they are free ; but if one is held in the hand. 

Question 505. Does the natural magnet have the power of communicating its prop- 
erties to pieces of steel 'i What are artificial magvels 7 May either natural or artificial 
magnets be used in investigating the phenomena of magnetism 7 How is the north pole 
of an artificial magnet usually marked 1 What is the magnetic needle 1 When the 
needle, properly suspended, is left to itself, in what direction does it settle ? If the two 
similar poles of two needles are brought near each other, what is the effect ? If the 
polesare dissimilar, what is the effect 1 Is the repulsion or attraction between the 
needles mutual ? 
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while one of its poles is presented to the other needle, that 
alone, of course, can move, though the force exerted be- 
tween them is mutual. 

507. It is not merely small par- 
ticles of iron, like iron filings, that 
are attracted by the magnet, the 
same effect is produced upon bars 
I of this metal of considerable size ; 

and when a piece of any form is 
J thus attracted it always becomes 
^ itself magnetic. Let N S in the 

figure be a magnetic bar, and let 
" a piece of soft iron, B, be presented 

Magn^tto Induction. ^^ j^^ ^^^^^ p^j^^ g^ -^ ^jjl ^^ ;„. 

stantly attracted ; and if it is ex- 
amined while held in contact with the magnetic bar, it 
will be found that its lower end is a south pole and its 
upper end a north pole. If a second piece, C, be now 
presented to the first, it will be likewise attracted, and 
will become magnetic, its upper end being a north pole 
and its lower end a south pole, as before. Other pieces 
still might be attached in like manner, and each would 
become magnetic, but the magnetism of each successive 
piece will be weaker than that of the preceding. 

It will be particularly observed that the upper end of the 
iron bar, which becomes a north pole, is in contact with 
the south pole of the magnet. So, when a piece of iron 
is presented to the north pole of a magnet, the part next 
to the magnet becomes a south pole, while the other part 
becomes a north pole. The result is always in accord- 
ance with these facts ; — when a piece of iron is brought in 
the vicinity of either pole of a magnet, that part of the 
piece of iron nearest the pole takes the opposite polarity 
from that of the pole, while the other extreme takes the 
same kind as that of the pole. The next figure will illus- 
trate the pi'inciples here discussed. It represents a large 
bar magnet with several smaller pieces of soft iron in 

Question 507. What effect is produced on a piece of iron when it is attracted by a 
magnet 1 Does the extremity of a piece of iron, in contact with one of the poles of a 
magnet, possess the same or the opposite polarity 1 When a piece of iron becomes 
magnetic by being in contact with a magnet, will it attract a second piece 1 
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different positions near it ; — by the inductive influence oi 
the magnet the pieces of iron become magnetic also, the 
letters N and S indicating their polarity. 




^ 



Magnetic Induction. 



508. But, though the pieces of iron are so readily mag- 
netized, they do not retain their magnetism. This may 
be shown by taking hold of the piece B in the figure pre- 
ceding the last, and removing it from the magnet ; its 
magnetism is instantly destroyed, as will be shown by 
the dropping of the other pieces attached to it. 

The development of magnetic properties in a piece of 
iron in this manner, merely by the approach of one of the 
poles of a magnet, is called magnetic induction, from its 
analogy to electrical induction, to be hereafter explained. 

We have spoken of the iron, in some of the above ex- 
periments, as being in contact with the magnet, but this is 
not necessary ; it only requires to be brought near to it. 
This may be shown by holding the piece of iron at a little 
distance from the pole of the magnet, and then presenting 
to one end of the iron another small piece, which it will 
be found to attract, though it will cease to hold it if re- 
moved too far from the magnet. But when the piece of 
iron is in contact with the magnet, its magnetism is 
stronger. 

The same thing may be familiarly illustrated as follows : 
— Lay a large nail upon a piece of window-glass, and 
place near one end of it some small tacks, or other pieces 
of iron ; no appearance of attraction between them and 

Question 508. What is the eflfect of carefully removing the magnet from the first 
piece 1 What is meant by magnetic induction 7 That magnetism may be induced in a 
piece of iron, must it be in contact with the magnet 1 Is the induced magnetism strons" 
*st when the iron is in contact with the magnet ? May magnetism be induced in iron 
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Experiment with Naile. 

the nail will be at first observed. Holding the glass in 
one hand, with the nail upon it and small tacks scattered 
upon one end, bring one pole of the magnet under the 
glass, near the other end of the nail ; the tacks will be 
seen to be instantly attracted by the nail, by reason of 
the magnetism in'duced in it by the influence of the mag- 
netic pole beneath the glass. But the nail, it will be ob- 
served, has not been in contact with the magnet, for ihj 
glass has all the time been between them. 

This leads us to remark, further, that the inductive 
influence is exerted through all other substances that are 
not themselves capable of becoming magnetic, and with- 
out any diminution of the efiect. Thus the magnetism 
induced in a bar of iron, held at a given distance from 
one of the poles of a magnet, will be of the same intensity, 
whether a plate of glass or copper, or a piece of wood, be 
held between them, or whether a stratum of air only in- 
tervenes. 

509. The attraction of a piece of iron by a magnet 
seems to be in consequence simply of the magnetism first 
induced in it ; and the reason why other substances are 
not also attracted is because they are not capable of be- 
coming magnetic. 

510. The In^uence Mutual. — When a magnet acts, 
upon a bar of iron to induce magnetism in it, its own 
magnetism is always, at the same time, increased by the 



through a piece of glatsi Is the inductive influence exerted through other substances? 
S09. Why may not other bodies bpsides iron and steel be attracted by the magnet 1 
610. When a magnet acts upon a piece of iron to induce magnetism in it, how is itB own 
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Magnet Loaded. 



reaction of the magnetism of the bar 
upon the magnet. This may be shown 
by direct experiment. Let A be a bar 
magnet, suspended to a common lamp- 
stand, S ; B a small piece of soft iron, 
with a scale-pan and weights, W, at- 
tached by means of cords. With this 
it will be easy to determine the weight 
the magnet is capable of sustaining; 
and when this is done, let a bar of soft 
iron, about equal in size to the magnet, 
be held against the upper end of the 
magnet. If trial is now made, it will 
be found that more weight will be sus- 
tained by the magnet than before the 
iron was placed above it. 

511. If the north poles or south 
poles of two magnets are both together 
brought in contact with one end of a bar of iron, the 
magnetism induced in it wilbbe more intense than if one 
alone had been used ; but the effect will be still greater 
if the bar of iron is placed between the two magnets, so 
that the north pole of one magnet shall be in contact 
with one extremity, and the south pole of the other 
magnet in contact with the other extremity. Both 
magnets then conspire to produce the same result, and 
the effect is the greatest possible. 

When the north pole of 
a magnet is placed against 
the centre of a bar of iron, 
a complex effect is produ- 
ced; the centre of it be- 
comes a south pole, while 
the two extremities of it 
are both north poles. If 
the south pole had Been 
used, the middle of the bar 
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Experiment. 




Star Magnet. 



magnetism afTected 7 How may this be shown 7 511. How must two magnets be pre- 
Bented to a bar of iron, in order to produce the greatest inductive influence? What la 
the effect when the north pole of a magnet is brought in contact with the centre of ao 
iron bar T 
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would, of course, have been a north pole, and the two 
ends south poles. If the north pole of a magnet is placed 
on the centre of a star made of sheet iron, so as to be per- 
pendicular to it, the centre becomes a south pole, and all 
the extremities of the rays north poles of weak intensity. 
512. A curious and not uninstructive 
experiment may be performed with two 
straight magnets and a piece of soft iron, 
made in the form of the letter Y. Let a b 
C be such a piece of iron, which may be 
suspended by one of the branches to the 
north pole of one of the magnets, as A. Its 
lower end will immediately become a north 
pole, and will be capable of sustaining a 
small piece of iron, as a key ; but if, while 
held in this manner, the south pole of the 
other magnet, B, be brought in contact 
with the other branch, b, of the piece of 
iron, the key will instantly drop off. This 
is occasioned by the opposing action of the 
two magnets, neutralizing each other's in- 
fluence. The branch a will have a south polarity, and 
the branch b a north polarity, while the lower extremity 
will be neutral. 

513. Artificial Magnet. — We have seen that though 
pieces of iron so readily become magnetic, under the in- 
fluence of a magnet placed in their vicinity, they do not 
retain their magnetism after being removed from the 
magnet. It is otherwise with pieces of steel properly 
tempered; they do not become magnetic as readily as 
pieces of iron, but when the magnetic property is once 
induced in them, they retain it permanently. When one 
end of a piece of steel of considerable length is brought 
near one of the poles of a magnet, it does nof instantly 
become magnetic through its whole extent, as a bar of iron 
does, but it requires a perceptible time for the magnetic 
influence to reach the further end. 



Experiment. 



n-Shi Bn «; ^. curious experiment is illustrated in the figure in this para- 
Si/Hii, ",'',P'«'=«s °f.?'s^! retain their magnetism when they have been once 
masuetized? Is the magnetic virtue as readily induced in steel as in iron J 
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Sometimes the steel bar is divided into several parts, 
there being several north^and south poles in succession. 

Let A be a mag- 

A. g n ^ s -n '^®*' ^"'^ -^ ^ ^^'^ 

I- ^W H ^^^^ -t-J of steel, placed 

sua Magnetized. ' very near its north 

pole, but not ac- 
tually in contact vk^ith it. If the bar be now examined 
by means of a very short and dehcate magnetic needle, 
it wall be found to have a south pole at the end nearest 
the magnet, and a north pole at the other end ; but be- 
tween these will be other weak north and south poles, 
alternating with each other, as indicated by the letters s 
and n. These points, where the polarities thus change 
from one to the other, are called consecutive points, and 
their occurrence very much weakens the general mag- 
netic power of the bar. 

514. It is a remarkable fact that if a magnet be broken 
into two or more parts, all the pieces will instantly be 
found to be perfect magnets ; that is, each of them will 



MagTiet Fractured. 

iiave both a north and a south pole, though the point at 
which they were separated was before perfectly neutral. 
This experiment may easily be performed by magnetizing 
a piece of a watch-spring, and then breaking it in the 
centre and examining immediately the two pieces. 

515. When a magnet is used for inducing magnetism 
in pieces of iron or steel, it loses nothing of its own 
power ; but, on the contrary, its own magnetism is rather 
increased (509,) if it was not before at a maximum. It 
seems, therefore, that nothing has been given up by it to 
the iron or steel with which it has been used, but only a 
property already existing there has been waked up, as it 

Question 514. If a magnet is suddenly broken into two or more pieces, v?ill each be 
a perfect magnet 1 515. Uoes a magnet lose any of its power when it is used to induce 
magnetism in a bar of iron or steel ? Is any thing communicated to the body magnet* 
izedJ 
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were, 01 developed. It is not possible, by any means 
known, to obtain one kind of polarity without the other 
accompanying it at the same time ; that is, to obtain a 
north pole without a south pole, or a south pole without 
a north pole accompanying it in the same piece. 

516. We have seen above that a piece of steel may be 
magnetized, or an artificial magnet produced, simply by 
bringing one of its extremities in contact with one of the 
poles of another magnet ; but it will be better to pass one 
pole of a magnet, held in an inclined position, over the 
whole length of the steel bar, each time moving it in the 
same direction, from left to right or from right to left. 
This is called the method of single touch ; the design of 
passing the magnet over the whole bar is to prevent the 
formation of consecutive points. 
In the method by double touch, as it is called, two mag- 
nets are used, one be- 
ing held in each hand ; 
and the north pole of 
one being brought near 
the south pole of the 
other, both together are 
placed on the centre of 
the bar, A B, to be mag- 
netized, as represented 
in the figure, and then drawn toward its extremities, 
one in one direction and the other in the other direction. 
The magiiets should always be held considerably inclined 
to the bar to be magnetized. This process should be re- 
peated ten or twelve times, which will usually be sufficient. 
If a bar of steel is heated to redness, and then suddenly 
cooled by throwing water upon it while in contact with 
one of the-poles of a magnet, it will usually be found to 
become magnetic. The magnetism is induced in the 
bar while in its soft state by reason of the heat, and be- 
c»mes fixed when it is hardened by cooling. So a bar 
of steel will often become feebly magnetic simply by be- 
ing hammered while lying in the direction of north or 




A- B 

Piece of Steel Magnetized, 



Question 516. What is the method of magnetizing a bar of steel by single touch! 
\Vhat is the method of double toueh 1 What other method is described J 
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south, or by being struck several times with a hammer, 
so as to produce a ringing sound. 

517. The Horse- Shoe Magnet. — The poles of a bar 
magnet are so far apart that it is inconve- 
nient to bring them both to act on the same 
object at once ; artificial magnets are there- 
fore often made somewhat in the shape of a 
• horse- shoe, as seen in the figure, and are 
called horse-shoe magnets. A piece of soft 
iron, AB, used to connect the poles, is 
called the armature, or keeper. One end of 
this being in contact with one pole of the 
magnet, and the other with the other pole, 
it will, of course, become powerfully mag- 
netic, and will be attracted with great force. 
By attaching weights to the armature, by 
means of a cord, the magnet may in this 
way be made to exert the greatest power of which it is 
capable. 

By combining several horse-shoe magnets 
powerful magnetic batteries have sometimes 
been constructed, of sufficient power to lift 
many pounds. The several magnets are 
placed so that all their north poles shall be 
in contact, and all their south poles ; and, 
as a matter of course, they react slightly 
upon each other, so as to diminish their 
joint effect. Thus, if there are six magnets, 
each of which alone is capable of lifting four 
pounds, the six together, when combined, as 
in the figure, will not lift twenty-four pounds. 
If the poles of a powerful horse-shoe magnet be placed 
against the under side of a pane of glass or sheet of paper 
held horizontally, and fine iron-filings be sprinkled upon 
the upper side, they will arrange themselves in a peculiar 
curve, as represented in the next figure. This is occasioned 




Magnetic Bat- 
tery. 



Qttestion 517. What is the form of ttle horse-shoe magnet 1 What is the armature^ 
or keepeT 7 How is the rrmgnetic-battery formed 7 Will several magnets combined in 
this manner produce a joim effect equal to the sum of the efifects of the single magnets 3 
What experiment is illustrated in the figure ? 
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by the inductive influence 
of the two poles of the mag- 
net, by which all the small 
pieces of iron are converted 
into magnets, which act 
upon each other, as already 
explained of other magnets. 
When the magnet is moved 

Magnet and Ir^-FUing.. ^^^^^ ^^^ j^^^^. ^^^^^^ ^f 

the glass a peculiar movement is produced among the 
iron-filings, not unlike that of a multitude of small animals. 

518. All magnets, if left to themselves, gradually suffer 
a diminution of their magnetism, and, in process of time, 
even lose it entirely ; but natural magnets retain it much 
longer than artificial ones. But by suitable precautions 
they may be preserved for any length of time, and then- 
power even increased. Two magnets, kept with their 
similar poles together, injure each other very much, and 
if nearly of equal power, may destroy each other in a 
short time ; if one is much stronger than the other, the 
weaker will be likely to have its polarity reversed ; that 
is, its north pole will become a south pole, and its south 
pole a north pole. 

It is found that magnets are best preserved when kept 
constantly in exercise. This is accomplished by bring- 
ing the unlike poles of two magnets together, as by plac- 
ing two bar magnets of equal length side by side, or by 
extending a piece of soft iron from one pole to the other. 
The power of the horse-shoe magnet will, often be con- 
siderably increased, in a few days, by suspending from 
its armature as much weight as it will bear, and adding 
to it from time to time. 

Magnets should always be kept free from rust, which 
impairs their power ; and they should also be protected 
from mechanical injury. The power of a magnet has 
often been greatly impaired by a single blow, or by a fall 
upon the floor or pavement. 

Question 518. Does the power of a magnet diminiBh by keeping 1 What precaution 
may be taken to prevent this etFect ? How may the power of a magnet be increased by 
keeping I What is said of the effect of a blow upon a magnet, or of letting it fall upoa 
the pavemeit 7 What is said of the effect of rust upon a magnet 1 
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519. When a magnet is heated to redness and allowed 
to cool again, its magnetism is invariably entirely de- 
stroyed ; and its power is impaired by even so small a 
degree of heat as that of boiling water. On the other 
hand, at very low temperatures the power is increased, 

520. It is "believed that nearly all substances are capa- 
ble of exhibiting a feeble magnetism when under the in- 
ductive influence of a powerful magnet ; but two only, 
(besides iron or some of its compounds,) the metals nickel 
and cobalt, retain it ; and the magnetism of these, at best, 
is very weak. 



TERRESTRIAL MAGNETISM. 

521. The Earth a Magnet. — We have seen that when 
a natural or artificial magnet is suspended so as to move 
freely, it will, when it comes to a state of rest, present 
one of its poles to the north and the other to the south. 
This is, no doubt, produced by the influence of the earth 
acting upon the needle as an immense but distant mag- 
net. Indeed, in order to understand clearly all the vari- 
ous relations of the magnetic needle to the earth, we may 
with propriety consider the latter as a great magnet, hav- 
ing one of its poles at or near the north pole of the earth, 
and the other pole near its south pole. But we have 
concluded to call that pole of the needle which points to 
the north the north pole, and the other the south pole 
(503 ;) and as unlike poles attract while like poles repel 
each other, it follows, as a matter of course, that the 
magnetic pole at or near the north pole of the earth must 
be a south pole, or possess southern polarity, while that 
in the southern hemisphere must possess north polarity. 

522. The Dipping Needle. — If a piece of steel, made 
in the form of the magnetic needle, is accurately bal- 



QuESTiON 519. How is the magnet aflfected by heat ? How by cold ? 520. Is it be. 
lieved that nearlj^ all substances are capable of exhibiting sligbt traces of magnetism 
when under the influence of a powerful maji:net 1 What two only, besides iron and its 
compounds, retain the magneti&m % 521. What is it that occasions the magnetic nee- 
dle to settle in a north and south direction 7 May we consider the earth to act as a 
great magnet upon magnetized bodies at its surface "? What kind of polarity must its 
pole in the northern hemisphere possess 1 How does this appear 1 522. If a piece ol 
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anced upon a pivot, so as to remain in a horizontal posi- 
tion, after being magnetized the north pole will dip or be 
depressed considerably below its former horizontal posi- 
tion. This is, no doubt, occasioned by the influence of 
the earth's magnetism, which is exerted more on the 

north pole than on the 
south pole, so that the north 
pole is drawn downward. 
This is not surprising, since 
E we are situated so much 
nearer the north than the 
N. south pole of the earth. 
Let A B be a bar magnet 
lying horizontally upon the 
table, and then let a small 
magnet, suspended by a 
thread, so as to hang horizontally, be held at D, over the 
centre of the large magnet ; its north pole will point to- 
ward B, and its south pole toward A ; both of its poles 
being equally acted upon by the poles of the large mag- 
net, it will remain in its horizontal position, as shown in 
the figure. But let it next be carried gradually toward 

the north pole. A, of the 
magnet ; the south pole of 
the small needle will im- 
mediately begin to dip, 
and the dip will increase 
as it approaches the pole 
A. So, if the needle is 
moved toward the other 
pole of the magnetic bar, 
the other pole will be de- 
pressed in the same man- 
ner. The position it would 
take at C and E is shown 
in the figure. 

523. A needle prepared 
expressly for showing the 

Bteel is accurately balanced upon a pivot, and tlien magnetized, what effect is observed 7 
How is this accounted for 1 How is it illustrateil in the figure ! 623. What is tha 
iipping-neeme-) 




Dipping Needle. 
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dip or variation from a horizontal position is called a dip- 
ping needle. The preceding figure represents the sim- 
plest form of this instrument. A B is a flat piece of wood, 
for a base, provided with a spirit-level and screw, for 
leveling it with great accuracy ; and to it is attached 
a graduated circle of metal, C C, having a horizontal 
bar, H H, to support the needle, N S, so that it revolves 
freely in a vertical circle. As the pai-ts of the needle 
are made to balance each other very accurately before 
it is magnetized, the position it takes after becoming a 
magnet will depend upon the magnetic attraction of the 
earth. 

524. By this instrument it has been determined that 
near the equator the needle is horizontal ; but as it is 
carried north the north pole begins to dip, while at the 
south of the equator the south pole of the needle dips. 
Toward the polar regions, either in the northern or 
southern hemisphere, the dip becomes very great ; and 
if the true pole of the earth could be found, the needle 
would there stand perpendicularly. The dip of the nee- 
dle at any place is found to be subject to a slight varia- 
tion ; but in London, in 1830, it was 69° 38'; at Paris, 
in 1835, it was 67" 24'. The dip, at the present time, is, 

At Baltimore, about . . 71° 30' 

" Philadelphia, " . . 72 15 

" New York, " . . 78 

" Middletown, Ct., " . . 73 30 

" Boston, " . . 74 24 

525. We have said that near the equator there is no dip ; 
t^ie places where this occurs are situated in a line that 
encircles the earth, and is called the jnagnetic equator. 
It deviates much from the geographical equator, being 
sometimes north and sometimes south of it, and, of course, 
crossing it several times. 

526. Variation of the Needle. — It has been stated, also, 
that the magnetic needle, when properly suspended, and 

Question 521. What is the dip at the equator ? What is tlie effect if the neeilie is re- 
moved to the north or south .nf^ the equator ? What is tlie amount of the dip, at the 
present time, at Baltimore, New York, and Boston 7 625. Wliat is the magnelic nrjua- 
tor? Does it deviate from the geographical equator 1 626. Does the needle always 
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uninfluenced by any other magnetized body, will settle in 
the general direction of north and south ; but it is now well 
known that it is subject to deviate more or less to the 
east or west of this position. This deyiation of the nee- 
dle from the true meridian is called its declinalion, or 
variation, and sometimes amounts to many degrees. 

The direction in which the needle settles in any place 
is called the magnetic meridian of the place ; and the an- 
gle between this and the true meridian is, of course, the 
variation. 

The variation at any place is constantly changing : at 
London, about 265 years ago, it was 11° 15' east; that 
is, the north pole of the needle deviated 11 degrees 15 
minutes to the east of the true north ; but it gradually 
diminished, so that, in 80 years afterward, or about the 
year 1660, it became nothing, and the needle pointed to 
the true north. Immediately afterward a western de- 
clination commenced, which gradually and uniformly 
increased until 1815, when it amounted to 24° 27': since 
that time it seems to have been diminishing, and in 1840 
was said to be less than 24 degrees. 

At Philadelphia the variation in 1840 was about 3° 
52' west ; at New York, about 5° 23'; at New Haven, 
Ct., about 6° 0'; at Middletown, Ct., about 6° 40', and at 
Boston, about 8° 55'. The variation at all these places, 
it is believed, is now diminishing. . 

The line of no variation is an irregular circle, passing 
round the earth from north to south ; in this country, at 
the present time, it passes through lake Huron and lake 
Erie, a little west of the western line of Pennsylvania, 
crosses the southwest corner of that state, and the states 
of Virginia and North Carolina, entering the Atlantic 
ocean a little east of the line between North and South 
(^arolina. This line of no variation is by no means 
fixed, but is constantly varying, sometimes moving grad- 



pojm to the true north and south ? What is meant by the declination or variation oi 
the needle ! Wtiat is the magnetic meridian of a place 1 Is the declination at any 
place always the same 1 What changes have taken place in the declination at Londou 
i« tile last 265 years 1 Wtiat is the present declination at New Yorki What is meant 
by the line of no variation ? Through what parts of this country does this line pats] 
What is said of the variation east and west of this line 1 
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ually ea^t for a series of years, and then again changing 
its motion to the west. East of this line, for a consider- 
able distance, the variation is west, but west of it the 
variation is east. 

527. Both the declination and the dip of the magnetic 
needle are subject to a variation according to the season 
of the year and the hour of the day. In this country the 
declination of the needle is greater in the middle of the 
day than in the night ; and this diurnal change is greater 
in summer than in winter. 

528. Theory of the Earth's Magnetism. — We are now 
prepared to investigate a little more particularly the re- 
lation of the earth, considered as a great magnet, and 
small magnets at any place upon its surface. In the 
northern hemisphere, especially in high latitudes, the pole 
near the north geographical pole of the earth is much 
nearer to us than the other magnetic pole, and it is its 
influence, therefore, which is chieflj^ to be noted. But 
this pole of the earth is a south pole — as we have seen 
(521) — that is, it possesses southern polarity, and therefore 
it draws toward it the north pole of the needle, and at the 
same time it repels the south pole, the effect on both poles 
tending to cause it to dip in the same manner. 

But, if the earth may with propriety be considered an 
immense magnet, acting like other magnets, we may, of 
course, expect it to have an inductive influence, as well 
as other magnets, on masses of iron and steel. And this 
is found to be the case. Bars of steel that have stood 
long in a perpendicular position, and even bars of com- 
mon iron, are often found to have acquired a feeble mag- 
netism, the lower end being a north and the upper end a 
south pole. Tongs and pokers, from their having some 
degree of hardness, and their being almost always kept 
nearly perpendicular, are generally magnetic, as will be 
seen by presenting the lower extremity very cautiously 

Question 527. Do both the variation and dip of the needle have a daily change? 
528. Which of the poles of the earth is nearest to us ? If the earth may be considered^ 
as a great m;ignet, should we expect it to e.xert an inductive influence upon masses of 
iron or steel upon its surface ? What effect is produced upon bars of steel that have 
stood loij.' in a perpendicular po.^it;on? Wh'cji e.xtremity is a north pole 1 How is 
this accounted for % Wliy are tongs and pokers usually found to be magnetic ? How 
may they be made to m.'ignetize the blade of a penknife 1 
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to the north pole of a needle, or the upper end to the 
south pole. In either case slight repulsion will be pro- 
duced, which indicates the presence of .similar poles. 
The blade of a penknife may often be magnetized by a 
pair of tongs, or a poker, so as to be capable of lifting a 
large sewing-needle. 

The magnetism of the loadstone, which is simply an 
oxide of iron possessing the magnetic property, has no 
doubt been communicated to it by the inductive infla- 
ence of the earth. 

529. The inductive influence of the earth's magnetism 
may, therefore, be made use of to form artificial magnets, 
in the absence of all other magnetized bodies. This is 
best accomplished as follows : — Let the small piece of 
steel to be magnetized be suspended by threads to the edge 
of a table, in a north and south position, and then let two 
pokers be held, one above it and the other below it, at 

its centre, as is shown in 
the figure A. The upper 
poker is now to be carried 
to the south, and the lower 
to the north, as shown in 
B, both being kept in a ver- 
tical position ; after repeat- 
ing this several times, the 
piece of steel will generally 
be found to be fully mag- 
netized. The pokers, by 
standing long in a vertical 
position, are converted into 
magnets, by the inductive 
influence of the earth, their 
lower ends being north 
poles (521,) and, by using 
two at the same time, in 
the manner described, the 
effect is much increased. 



IN 



A. single poker and a pair of tongs will answer well to 



QtjESTiON 529. How may the inductive influence of the earth's magnetism be mad* 
use of to form artificial magnets f What is the explanation of this process ? 
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perform the experiment, or any piece of iron that hag 
stood some time in a vertical position. 

530. The Mariners Compass. — The compass is an in- 
strument fitted up with a magnetic needle and a grad- 
uated circle of metal, or a circular card, for the purpose 
of measuring the angles any objects make with the me- 
ridian. The mariner's compass usually has the needle 
attached to a circular card, which is suspended upon a 
pivot, and turns freely. When great accuracy is re- 
quired, it is evident, allowance must be made for the de- 
clination of the needle at the place ; this is especially im- 
portant for seamen, whose only guide across the pathless 
ocean is the faithful needle. So, also, local attractions 
often produce great derangement, as the vicinity of 
masses of ii-on, or iron mines, which must always be 
guarded against. The iron used in the construction of 
ships often produces a considerable derangement of the 
needle, and means have been devised to apply the neces- 
sary correction ; but the subject is too complicated to be 
here introduced. 

531. Electro-Magnetism. — This phrase is used to denote 
the magnetism which is induced in soft iron or steel by a 
current of electricity. The usual method is to insert the 
piece of iron in a helix of covered wire prepared for the 
purpose, through which a current of electricity from the 
galvanic battery is made to pass. The iron retains its 
magnetism only while the current is passing, but a piece 
of steel thus rendered magnetic retains it permanently. In- 
the Author's course of lectures this subject, in all its de- 
tails, is discussed in connection with galvanic electricity ; 
and is treated in both his larger and smaller works upon 
Chemistry. 

532. Theories of Magnetism. — Various theories have, 
at different times, been proposed to account for the phe- 
nomena of magnetism, but with little success. So far as 
any theory on the subject is now adopted, that which 

duEST^ON 530. What is the compass 1 How is the mariner's compass usually con- 
structed 7 In the use of the compass must allowance always be made for the variation 
of the needle 7 Do local attractions sometimes affect the action of the compass? Wliaf 
is said of the action of the iron used in the construction of ships uy .n the compass) 
531. what is electro-magnetism 1 
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supposes there are two magnetic fluids, a Boreal and au 
Austral, to the agency of which all magnetic phenomena 
are to be attributed, seems generally to prevail. These 
fluids, it is supposed, naturally reside in the particles of 
iron and other substances that are capable of becoming 
magnetic, in a state of combination. The particles of, 
each of these fluids are supposed to attract those of the ' 
other, but repel those of the same kind. When these 
two fluids are in a state of combination they are entirely;^ 
neutral, but become active when separated. This sepa- 
ration of the united fluids is produced by the inductive 
influence of either the one or the other acting alone, consti- 
tuting the pole' of another magnet. In soft iron, as soon 
as the influence which produced the separation is re- 
moved, the particles of the two fluids again unite, and 
the magnetic phenomena disappear ; but in hardened 
steel and the magnetic oxide of iron, and, indeed, in all 
other substances which may become, permanently mag- 
netic, they are supposed to remain separated. 

But, though these fluids are thus separated, we are not 
to suppose that they are ever transported from one body 
to "another, or even from one part to another of the same 
piece of iron or steel. We have heretofore seen (514) 
that when a bar magnet is broken into two pieces, in the 
centre, we do not have a north pole in one and a south 
pole in the other, as would be the case if the two fluids 
were separated in the opposite extremities of the bar, but 
each piece is found to be a perfect magnet, having both 
a north and a south pole, precisely Hke the bar before it 
was broken. We must therefore "suppose the two fluids 
are never separated from the particle to which they be- 
long, but are only removed to opposite sides of the parti- 
cle, as shown in the figure. Let 
S N be a bar magnet consisting 
of two rows of particles, the 
austral fluid will all be collected 
on the sides of the particles to- 
ward N, as shown by the letter 
n, and the boreal on the sides 
next to S, as shown by the letter s. The effect of thus 
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separating the two fluids, in connection with the parti- 
cles of a piece of iron or steel, is to develop in it the ordi- 
nary properties of magnetism. 

533. It is known that in the centre of a magnet, that 
is, at a point equally distant from the two extremities, 
there is no attractive influence ; but at a little distance 
from this point, toward either end, it begins to appear, and 
increases quite to the ends which are called the poles. The 
reason of this is evident, if our theory is true; for, except 
the extreme particles, each north pole is always in con- 
tact with a south pole, and, of course, the two should 
neutralize each other, so that the attractive influence is 
exerted only by the extreme particles, and extends to a 
certain distance from them in every direction. The in- 
fluence of each pole will therefore be neutralized at the 
central point between them. 

For a full discussion of the intimate relation between 
this branch of science and that of electricity, see Author's 
Chemistry. 

534. Diamagnet. — This name has been given to a class 
of bodies which, when made into the form of bars, and 
placed between the poles of a magnet, tend to arrange 
themselves at right angles to the position which a similar 
bar of iron would take when brought under the same in- 
fluence. Bismuth, phosphorus, and antimony, possess this 
character. 



CHAPTER VII. 

ELECTEICITY. 



535. Definition. — If a glass rod, or tube, that has re- 
mained untouched for some time, be held near a feather 
or other light body, suspended by a fine silk thread, 
nothing special is observed, though the glass be presented 

Question 635. If a dry glass tube is rubbed with a woolen cloth or silk handl<erchiet 
and then held near a feather or other light body, what is the effect 7 If the feather IS 
allowed to touch the tube, what is the result ? 
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so near as to touch it, and then withdrawn ; the feather 
maintains its position undisturbed. But let the glass tube 
be made dry and warm, and then rubbed briskly for a 
few seconds with a woolen cloth or silk handkerchief; 
upon holding it near the feather now it is at once dis- 
turbed, even when the tube is at some distance, and mani- 
festly tends to approach it ; and when the tube is brought 
sufficiently near, it suddenly darts to it, usually adhering 
for a moment, when it is repelled with equal force. 

536. It is evident that, by means of the friction with 
the cloth or handkerchief, a property has been imparted 
to the glass which it did not before possess, and by virtue 
of which it exerts an attraction upon the feather. But 
this property is not peculiar to glass ; pieces of resin, 
sealing-wax, amber, sulphur, &c., when rubbed in a simi- 
lar manner, possess the same power of attracting other 
light bodies. 

The physical agent, whatever its nature may be, which 
is thus called into operation, in these and other substances, 
by friction, and to which the attractions are to be attrib- 
uted, is called Electricity. This name is derived from 
electron, the Greek name for amber, the first substance 
which was observed to exhibit the phenomena of attrac- 
tion just described. The first observations on the sub- 
ject that are on record were made by Thales, about 600 
years before the birth of Christ. 

537. Electrical Attraction and 

^**^'\ Repulsion. — To examine the 

y various circumstances attend- 

ing the phenomena above de- 
scribed, let a glass tube an 
inch in diameter and two feet 
long be provided, and also a 
stick of sealing-wax an inch 
J, . ,™ in diameter and 12 or 14 inches 

^^\..^ ^M long, and a pith-ball electrome- 

ter. This electrometer, or mea- 




ElectTictd Attraction. 



Question 536. What other substances are mentioned as possessing the same pro- 
perty after being rubbed 7 To what agent are these attractions and repulsions attrib- 
uted 1 From what is the name electricity derived 1 537. Wliat three pieces of appa- 
ratus are recommended for pursuing our investigation in this subject? What is an 

29 
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surer of electricity, consists of a glass rod, A, fixed in a 
stand, and bent at top, so that a ball, B, made of the pith 
of the elder, may be suspended from it by a thread of silk. 
On rubbing the tube or sealing-wax with a warm and 
dry woolen cloth or silk handkerchief, and presenting it 
near the pith-ball, as at C, the ball is strongly attracted 
toward it, as to D, and, if not allowed to touch the tube, 
remains there until the glass or sealing-wax is moved. 

When a body is capable of producing this effect, it is 
':aid to be excited, and the result with the pith-ball is the 
oame whether an excited glass tube be used or an excited 
stick of sealing-wax, provided the ball is not allowed to 
come in contact with it. 

When using the excited glass 
tube, A, if the pith-ball, B, is al- 
lowed to touch it, it at once flies 
off, as to C, and remains there un- 
til the tube is removed, constantly 
manifesting a strong repulsion for 
it. If the finger is now touched 
to the ball, and then the same ex- 
periment repeated with the stick 
of sealing-wax, the results will be 
^ precisely the same ; the pith-ball 

~JBte^ricai i^sicm. wiU at first be attracted, but after 

contact it will be as strongly re- 
pelled. 
538. Thus far, then, we have observed no difference 
between the action of the glass tube and that of the seal- 
ing-wax ; both seem to have the same properties, both 
attracting the pith-ball, and, then, after contact, repelling 
it. But, having excited the glass tube, let us now pre- 
sent it to the pith-ball ; as before, it is attracted to the 
glass until coming in contact with it, when it is repelled. 
Next, let . the sealing-wax be quickly excited, and pre- 
sented to the pith-ball ; a strong attraction ensues ; but 

electrometer 7 When is a body said to,be excited J If the pith-ball is not allowed to 
touch the glass or sealing-wax, will the result be the same with bothi If the pith-ball 
is allowed to touch the excited tube, what will be the effect t 538. So far as we have 
now pursued our investigation, has any difference been observed between the action of 
the tube and that of the' sealing-wax? But if we bring the excited tube in contact with 
'.lie pitb-ball, so as to cause it to be repelled, and then present the excited sealing-wax, 
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if the sealing-wax is removed, and the tube again pre- 
sented, it is repelled as before. 

If we had commenced with the sealing-wax, exciting it 
and bringing it in contact with the ball, and then pre- 
sented the excited glass tube, the phenomena observed 
would have been the same ; and we therefore find that 
when the excited glass tube attracts the pith-ball, the excited 
sealing-wax repels it ; and when the sealing-wax repels, 
the glass attracts. 

If, now, two pith-balls be suspended 
from the same support by silk threads, 
so as to rest in contact, when the ex- 
cited glass tube is brought near they 
will be attracted, as before, and then 
repelled ; but when the tube is with- 
drawn it will be found they no longer 
fall into the vertical position ; but, on 
the contrary, they repel each other, 
rt - - causing the threads by which they 

./^^ are suspended to diverge, as A and B. 

EUctricai Repulsion. If the stick of sealing-wax had been 
used, the same effect would have been 
produced. 
539. Recapitulation. — By the above experiments the 
following facts, it would seem, may be considered as 
settled : — 

1. By the friction of the dry woolen cloth or silk 
handkerchief a quality is imparted to the glass and the 
sealing-wax, by virtue of which they become capable of 
exerting an attraction on the suspended pith-ball. 

2. After coming in contact with the excited glass or 
wax the state of the ball is changed, so that, instead of 
being attracted by the glass or wax it has just touched, it 
is now repelled. 

3. When the pith-ball has once been in contact with 
the excited glass, and is repelled by it, it will be attracted 

what is the effect 1 If we had commenced with the excited sealing-wax, touching the 
ball with it, and then presented the excited tube, would the result have been the same ? 
If two pith-balls are suspended from the same support, and then touched with the ex 
cited tube or sealing-wax, what will be the effect 1 539. What are some of the conclu 
sions arrived at by the preceding experiments 1 



338 NATURAL PHILOSOPHY. 

by the excited wax ; so, also, after it has been in contact 
with the excited wax, and is repelled by it, it will be at- 
tracted by the excited glass. 

4. When two pith-balls have been brought in contact, 
either with the excited glass or sealing-wax, so as to be 
repelled by it, they also repel each other. 

540. ITieories of Electricity. — To account for these 
phenomena, and explain them, the two following theories 
have been proposed : — 

The theory first proposed is that usually ascribed to 
Dufay, and therefore called Dufay's theory ; the other 
was proposed by our own illustrious countryman, Frank- 
lin. 

541. Dvfay's theory supposes that all bodies in nature, 
in their natural state, always have in combination with 
their particles two fluids, which, however, so attract and 
neutralize each other, as to be entirely concealed. It 
supposes, also, that though each fluid strongly attracts 
the other, yet the particles of the same fluid are mutually 
repulsive, and tend to diffuse themselves when unob- 
structed. When the two fluids are in a state of combi- 
nation in a body, no indications of either are perceived ; 
but when, by any means, they are separated, and either 
of them accumulated in a body, that body is said to be 
excited, and exhibits the various phenomena of electricity 
which have been described. ^ 

One of the most common means of separating the two 
fluids is by friction, as above described, when one or the 
other of them accumulates in the body which is rubbed, 
and there manifests its peculiar properties. That fluid 
which usually collects on glass and other vitreous sub- 
stances by friction is called the vitreous fluid, while that 
which is developed on sealing-wax and other resinous 
substances is called the resinous fluid. 

542. Franklin's theory supposes that there is in nature 
but one electric fluid, the particles of which repel each 

Question 540. What two theories have been proposed to accoont for the phenom- 
ena of electricity } 541. How many fluids does the theory of Dufay suppose all bodies 
to have in combination with them in their natural state 1 What is supposed to be the 
state of a body, an this theory, when it is excited 'i Wliat is the fluid called wliirh 
usually collects upon |flass when it is rubbed 7 What is the oth^r called, which colltets 
upon sealing-was by Iriction 1 542. How many flu.ds doei, Franklin's theo y supposs 
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Other, but attract and are attracted by all other bodies. 
It supposes that all bodies, in their natural state, in which 
they exhibit no signs oi electricity, contain a portion of 
this fluid, called their natural share ; and that, when they 
are excited, they are made to contain either more or less 
than their natural share. When a piece of glass is 
rubbed, a portion of this fluid is supposed to pass from 
the substance used as a rubber to the glass, which, there- 
fore, is made to contain more than its natural share, and 
is said to be positively electrified. On the other hand, 
when a stick of sealing-wax, or other resinous substance, 
is rubbed, a portion of the fluid contained in it is sup- 
posed to escape to the rubber, leaving in the wax, of 
course, less than its natural share ; and it is therefore 
said to be negatively electrified. 

543. It will be seen, therefore, that the positive elec- 
tricity of Franklin's theory corresponds to the vitreous 
of Dufay's theory, and the negative of the former to the 
resinous of the latter. 

Dufay's theory is now more generally received than 
that of Franklin, though the terms positive and nega- 
tive are universally used to designate the two fluids, 
in preference to the terms vitreous and resinous. 
But though Dufay's theory is now most generally re- 
ceived, there are those who believe that all electrical 
phenomena may equally as well be explained by that of 
Franklin. 

544. When Bodies attract and when they repel. — By 
referring now to the experiments above described (537) 
it will be seen that when two substances are similarly 
electrified — that is, when they are both excited either 
positively or negatively — they repel each other ; but 
when oppositely electrified — 'that is, when one is positive 
and the other negative — they attract each other. 

545. Conductors and Nan- Conductors. — By experiment 

to be contained in bodies in their natural state t WTien a piece of glass is rubbed, what 
is supposed to be the effect on this fluid 7 What is the effect of friction on seaiing- 
waxf What terms are used to indicate the state of the glass and of the sealing-wax 
alter being excited? 543. What terms in the two theories correspond i^ meaning? 
Which of these theories is now most generally received? 544. When do two bodies 
attract and when do they repel each other ? 645. Will electricity pass with equal facil- 
ity over the surfaces of all bodies 7 Into what two classes are bodies divided in refer- 

29* 
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it is found that while electricity passes freely over some 
bodies, it refuses to pass over others, or passes over them 
with difficulty. The former are called conductors and 
the latter non-conductors. 

The metals are usually considered the best conductors ; 
and after these we may reckon charcoal, solution of salt, 
water, and living animals. 

The following are some of the most important non- 
conductors, viz. : — gum-lac, amber, sealing-wax, sulphur 
glass, silk, feathers, dry air, baked wood, and oils.' 

No satisfactory reason has yet been given for this re- 
markable difference in bodies; all we can say with re- 
gard to it is, that such is their nature. 

546. When a body is surrounded entirely by non-con- 
ductors it is said to be insulated. Usually this is accom- 
plished by supporting the body, whatever it is, upon glass 
pillars, or suspending it by threads of silk. As the air, 
when dry, is a non-conductor, a very little only of the 
fluid will be conveyed away by it ; but when it is satu- 
rated with moisture, as it usually is in warm weather, it 
becomes a tolerably good conductor, and conveys the 
fluid away rapidly ; so that electrical experiments, at 
such times, succeed only with great difficulty. But it is 
believed by many that the fluid escapes, in such cases, 
not so much because of the direct conducting power of 
the moist air, as it does by the moisture which is de- 
posited upon the surface of the insulators used. 

547. If we again refer to the bodies which were used 
in performing the experiments with the pith-balls, it will 
be seen they are all non-conductors ; and but for this 
property the fluid, as it was excited, would have been 
conveyed away to the earth, and failed to make itself 
manifest in the manner we have seen. Hence it is that 
only non-conductors usually become electrical by fric- 
tion ; but conductors may also be excited by friction, 
provided they are first insulated. Thus, if a piece of 

ence to their conducting power 7 What are some of the best conductors 7 Wllat are 
some of the principal non-conductors? 546. When is a body said to be insulated* 
How is litis usually accomplishtd i Why do electrical experiments succeed only with 
difficulty in a moist atmosphere 1 547. Why do non-conducting substances only 
usuall;^' become excited by fr.ction t How may a piece of iron, which is a conductor 
be excited ? 
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Eteotricai Light. 



iron, which is a conductor, be supported on glass pillars, 
in a dry atmosphere, and struck several times with a cat's 
skin, it will be found to be feebly excited. 

548. Electrical Light. — When an excited body is held 
in a dark place — or, better, when a body, as a glass tube, 
is excited in a dark room — faint flashes of light will be 
seen upon its surface, accompanied by a crackling noise. 
If the body is perfectly electrified, as when the glass tube 
is used, and a pointed wire or needle be presented to it, 

a bright spark will be 
seen upon its point, as 
represented at B, in 
the figure. If the body 
is negatively electri- 
fied, and a pointed 
wire be presented to 
it, a luminous brush 
will appear on its 
point, as shown on A. 
In the first case we may suppose the positive fluid to be 
passing on at the point, or the negative fluid to be passing 
off", for the effect is the same ; so, in the second case, 
when the brush of light appears, we may consider the 
positive fluid as passing off from the point, or the nega- 
tive fluid as passing on, the result being the same. 

Effect of Points. — Electricity can not be long pre- 
served on a body, even when well insulated, if there are 
any points projecting from it, as the fluid passes freely 
and silently from points into the air, and is lost. Nor 
can the fluid be retained on an insulated body if there 
are points of other inducting bodies near turned toward 
it. The fluid will escape rapidly to these j)oints, and be 
conveyed away. 

54'9. Both Electricilies always excited simultaneously. 
— Though we have spoken of glass as always becoming 
positively excited by friction, and sealing-wax always be- 

diTESTioN 548. What is observed when a glass tube is excited in a dark room ? If a 
pointed conductor is presented to a body positively excited, what is the appearance 7 
What if held near a body negatively excited 7 Why can not electricity be retained in 
insulated bodies which have points projecting from them 1 What will be the efifect ol 
points directed toward an exciterl body In ils vicinity 1 549. Will glass always be posi- 
tively exc'tfcd by frxtion 1 When two substances ai;-e rubbed to,<;ether, are both el(-c- 
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coming negative, yet this is not strictly the case. It is 
found that when two bodies are rubbed together, both 
electricities are always excited in an equal degree, one 
of them passing to one of the substances and the other to 
the other. This may be proved experimentally by stand- 
ing on a stool with glass legs, called an insulating stool, 
or on a cake of beeswax, when the glass tube is excited ; 
the tube then becomes positive, and the person and rub- 
ber negative. To show that the person himself becomes 
negative by exciting the glass, let him, while standing 
on the insulating stool, present his hand near a suspended 
pith-ball, previously made negative by touching it with 
the excited sealing-wax. As both the ball and the 
hand will then be negative, the ball will, of course, be 
repelled. 

y —^ An insulating stand, used for this 

r ^ \ purpose, is represented in the mai-- 

Cl I ginal figure. It consists of apiece 

1.S— I ILs of strong plank, of suitable size, 
^ IL^ with strong glass pillars for legs, 

in^uivng Stand. ^j^j^j^ ^^^ ^^^^\\j coatcd wlth var- 

nish. 
When smooth glass is rubbed by any substance except 
cats' fur, it becomes positive, and the rubber negative ; 
but if it is rubbed with this substance, the glass becomes 
negative and the fur positive. Seahng-wax becomes 
negative when rubbed by any substance except a piece 
of rough glass or sulphur, both of which communicate to 
it the positive electricity. When paper and sealing-wax 
are rubbed together, the paper becomes positive and the 
wax negative ; but when paper and smooth glass are rub- 
bed together, the positive fluid goes to the glass and the 
negative to the paper. 

""" 550. The 'Electrical Machine. — By rubbing a glass tube 
or a stick of sealing-wax a number of times, and then 
passing it oyer an insulated conducting substance, so as 

tricities always excited ? How may this be proved experimentally 7 What will be the 
electrical state of the rubber and the person holding it 7 How is the insulating stand 
formed7 What substance, by friction, renders glass negative ? What substances, by 
friction with sealing-wax, render it positive ? What is said of the effect produced by 
rubbing together paper and sealing-wax, and paper and glass ? 550. How may an insu- 
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to touch it, as a ball of metal supported on a glass pillai', 
a considerable quantity of electricity may be collected ; 
but the process is necessarily tedious. To accomplish 
the same object more readily and conveniently, the elec- 
trical machine has been invented ; the essential parts of 
■which are a glass cylinder or -plate, capable of being turned 
by the hand ; a rubber, usually made of leather or silk, 
and placed so as to press against the cylinder or plate ; 
and a prime conductor, to receive the electricity as it is 
generated. It is made of metal, and supported by glass 
pillars. 

The above are the essential parts of all electrical ma- 
chines, but they are made of various forms, as caprice or 
fancy may dictate. The figure on the next page represents 
a beautiful double-plate machine, made by Pixij, of Paris, 
which belongs to the Wesleyan University. A B is a 
firm base of wood,- well framed together, and mounted on 
castors ; PP are two circular glass plates, each thirty-s'x 
inches in diameter, placed on the same axis, so as tu l<j 
turned at the same time by the handle, H ; and to each 
plate are four rubbers, R R R, &c., placed at the top and 
bottom in pairs, one at each place, pressing against the 
plate on each side. From each rubber a flap of oiled silk, 
F, extends a distance, to prevent the electricity from 
being dissipated before reaching the prime conductor. 
C C C C is the prime conductor, made of sheet brass, and 
supported by four strong glass pillars ; it receives the 
electricity from the plates by points which project from 
it toward them on both sides, some of which are seen in 
the figure. 

551. To increase the effect of the electrical machine, 
the surface of the rubber is usually spread over with an 
amalgam, made by melting together one part of tin, two 
of zinc, and then when nearly cooled, pouring in four or 
five parts of mercury. When cold it is to be ground to 



lated conductor be electrified by means of a glass tube or stick of sealingr-wai? What 
is t.^e design of the electrical machine 1 What are its essential parts I What is the use 
ol the glass cylinder or plate 1 Oftherubberl Of the prime conductor? Whatisthe 
rubber made of 7 How is the electricity received upon the prime conductor? 551. 
What is the use of the amalgam spread upon the rubber 7 What is it made of I 
Should the rubber be Insulated when the machine is used 1 
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a fine powder in a i mortar, and mixed with a sufficient 
quantity of lard or 'tallow to make it adhere well to the 
leather or silk of the rubber. 

In order that electricity may be freely developed by 
the machine, the rubbers must not be insulated, as, in this 
case, while the prime conductor becomes positively elec- 
trified, the negative fluid accumulates in the rubbers, and, 
after a few turns of the plates, little further effect can be 
produced. But if the rubbers are uninsulated, the nega- 
tive fluid passes off" freely to the earth, while a constant 
supply of the positive is afforded for the prime conductor. 

When the machine is to be used it should be placed so 
near a fire as to be slightly warmed, and every part made 
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perfectly dry. It should also be made perfectly clean, and 
even the dust should be carefully wiped from every part. 

By means of the electrical machine the preceding ex- 
periments are readily performed, as well as others to be 
hereafter described. 

552. Phenomena of the Electric Spark. — When electri- 
city is passing freely over conducting substances, no indi- 
cations of it are seen ; it passes silently along, and, if the 
conductor is not insulated, mingles with that in the great 
reservoir, the earth. But when its passage is interrupted 
by a non-conductor, if its intensity is sufficient, it darts 
across or through the non-conductor, presenting the ap- 
pearance, in the dark, of a bright spark, and attended 
with a smart report, depending upon the size of the 
spark, and the resistance it had to overcome. 

The spark will be seen by presenting the knuckle near 
the prime conductor of the electrical machine, as it is 
worked ; and at the same time a slight stinging sensation 
will be produced on the knuckle. The spark will be seen 
better if, instead of the knuckle, a metallic ball, on the 
end of a piece of wire held in the hand, is presented to 
the conductor. The size of the spark, and the distance 
through which it will strike, will depend on the intensity 
of the fluid, collected in the prime conductor, and also 
upon the diameter of the ball presented to it. The color 
of the spark will vary, being sometimes red, then purple, 
or white or bluish. It seldom passes in a straight line, 
but makes a zigzag course. 

The human body is a good conductor of electricity ; 
and if a person places himself upon an insulating stool, 
and holds in his hand a chain connecting with the prime 
conductor, as the machine is turned the electricity will 
accumulate in every part, so that a spark may be drawn 
from his hands, fpet, or face, in the same manner as from 
the prime conductor. 

If the person upon the insulating stand holds a metallic 

Question 552. Are any signs of electricity manifested when the fluid passes freely 
over good conductors 1 What is the appearance when it darts over non-conductors ? 
How may the spark be obtained from the prime conductor 1 What is the sensation 
produced % What is said of the color of the spark? How may the spark be received 
irom the face or hands of a person? How may ether be inflamed by the spark ? What 
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spoon filled with ether, in "his hand, and another standing 
upon the floor presents ihis knuckle so as to draw a spark 
from the liquid, it will usually ibe inflamed. 

When the electric spark \ is made to pass through a 
chain, the links of which are/short,\in a dark room, it ap- 
pears luminous through its Uy:hole^ length by the spark 
passing from link to link. 

Let A B be a glass tube, an inch in 
diameter and two feet long, having a 
spiral formed on it from end to end, by 
pasting on small pieces' oftin-Toil, so 
as to be at a little distance from each 
other. If, while the machine is turned, 
one end of this is held in the hand, and 
the other presented to the prime con- 
ductor, the electric spark will dart from 
piece to piece of the tin-foil, producing 
a train of light over the spiral through 
the whole length of the tube. The 
light will, of course, be seen best in a dark room. 

Let a plate of glass 
have a very narrow strip 
of tin-foil pasted on it, 
commencing at A and, 
after going several times 
backward and forward, 
terminating at B ; then let 
several letters be formed 
by removing portions of 
the tin-foil, as LIGHT, and when the electric spark is 
made to pass over the foil from A to B, the word light 
will be seen written in letters of fire. 
■■5^553. Motion produced by Escape of Fluid. — As the 
fluid escapes from a point of a conducting substance, it 
tends to produce motion in the point in the opposite direc- 
tion. Let A B C D be a cross made of metal, the points 
of all the wires being bent at right angles in the same 
direction ; and let it be supported at the centre upon a 




Light. 



will be the appearance in tile darli if the spark is received upon a tube on which a spiral 
ofpieces of tin-foil has been formed 1 553. How may motion be produced by the escape 
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point fixed in the prime conductor, 
E, of the electrical machine. When 
the machine is worked, the fluid es- 
caping from the metallic points will 
cause the cross to revolve rapidly in 
the direction shown by the arrows, 
exhibiting, in the dark, a complete 
circle of light, as it escapes from the 
points. 

The experiment may be modified 
in the following manner, which shows the mechanical force 
that is exerted. Let T be a stand of wood, with four pillars 
of glass fixed in it, supporting the inclined metallic wires, A 
B and C D ; and let G H I M be the metallic cross, having a 
horizontal axis, E F, also of metal, resting upon the inclined 
Let a chain now connect one of the inclined 
wires, as A, with the prime 
conductor of the machine ; 
and as it is turned, and 
the fluid escapes from the 
points of the cross, as be- 
fore, the recoil causes it to 
revolve around the axis, 
E F, with suflicient force 
to roll up the inclined 
plane. 

The electrical orrery is 
a very beautiful toy, constructed so as to revolve on the 
same principle, by the escape of the electric fluid from 
points. Let S represent the sun, E the earth, and M the 
moon, the several bodies being made of such a weight 
respectively, that S, when suspended on a wire, W, as in 
the figure, may just balance both E and M, and E just 
balance M ; the end of the wire, W, being bent upward, 
so as to serve for a pivot to support E and M. The 
three bodies, thus arranged, are supported on an insulating 
stand, the metallic point. A, being attached to a cap which 
is cemented upon a glass pillar. A metallic chain con- 




XncLined Plane. 



of electricity from a point t How is the electrical, orrery constructed 'J How is tlie ex- 
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nects A with the prime 
conductor of an electrical 
machine, and at P is a 
metallic point, and also in 
M, from which the electric 
fluid escapes, causing M to 
revolve around E, and both 
M and E to revolve around 
S. More properly, S and 
the other two bodies, con- 
sidered as one, revolve 
around their common cen- 
tre of gravity, as M and E 
do, also, around their cen- 
tre of gravity; which, in 
fact, is what really takes place among the bodies of the 
solar system here represented. 

In all these experiments, in which motion is produced 
by the escape of electricity from a point, the result is the 
same, whether it is the positive or the negative fluid that 
is used. 

Images made to Dance. — An amusing experiment is 
performed by cutting several images in paper, and placing 
them between two metallic plates, the upper one of which, 
A, is suspended by a chain from the prime conductor of 
the machine, and the lower one, B, connected with the 
earth. When the machine is turned the 
images are attracted by the upper plate, 
but as soon as they come in contact with 
it they are repelled, and fall ; but striking 
again on the lower plate, their electricity 
is discharged, and they are again attracted 
to the upper plate, as before. They are 
thus made to dance in the most lively 
manner, skipping from side to side, as cur 
rents of air may happen to move them. 

Electrical Bells. — Suspend from a rod 

fixed in the prime conductor the piece of 

Images. apparatus called the electric bells, which 

perimentof the dancing images conduo4ed 7 What causes the belJs to ring ? Describe 
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Electrical Belts, 



consists of three bells, ABC, 
attached to a metalhc rod ; the first 
two, A and B, by metallic chains, 
and C by a cord of silk. Between 
the bells hang two clappers, by silk 
threads, and from the central bell, 
C, a chain extends to the table or 
floor. On turning the machine 
the bells A and B, being connected 
with the prime conductor by con- 
ducting substances, will become 
positively electrified, and will therefore attract the clap- 
pers, which, however, after contact with A and B, are 
immediately repelled by them, and attracted by the cen- 
tral bell, C. On coming in contact with this, they dis- 
charge their electricity, received from A and B, and are 
again attracted by them, as before ; and thus a constant 
ringing is produced, as long as the machine is turned. 
At every motion of each clapper, a portion of the fluid 
is transferred from the outer bells to the central one, and 
thence to the earth, the superabundant electricity of the 
prime conductor being thus gradually discharged. 

Curious Instance of Attraction. — Let A and B in the 
figure be two small cups of brass, about two inches apart, 

and both of them insulated ; 
then let a small piece of phos- 
phorus be put in each, and a 
lighted candle placed midway 
between them. If now one 
of these cups is excited posi- 
tively and the other nega- 
tively, the flame of the candle 
will be disturbed and will in- 
cline to the negative cup, 
which will soon be so much 
heated that the phosphorus in 
it will be inflamed, while the 




Phosphorus Irtflamed, 



the experiment with the candle 1 How may the electric fluid be made to pass through 
glass 1 
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Other cup remains cold, and the phosphorus in it not even 
melted. 

The reason of this is found in the fact that the flame 
of the candle is slightly positive, and is therefore attracted 
by the negative ball, and repelled by the other which is 
positive, both influences operating to drive the heated air 
from the candle against the negative ball, so as to heat it 
as we have just seen. 

Glass Vial fractured. — The electric 
spark may be made to pass through glass. 
For this purpose let an ounce vial, A, partly 
filled with olive oil, be suspended from the 
prime conductor of the machine by a wire 
passing through the cork and bent so that 
the end may press against the glass on the 
inside, as shown in the figure. When the 
machine is turned, the point of the wire 
^^^^ becomes highly electrified ; and by pre- 
Giass Fractured. scuting ucar it a metallic ball, or even the 
knuckle, a discharge will take place through 
the side of the vial, a very small perforation being made 
just at the point of the wire. By turning the vial a little, 
and making a line of perforations quite around it by suc- 
cessive discharges, it may at length be broken in two. 

554. The Electric Fluid resides upon the Surface of 
Bodies. — The electric fluid or fluids reside entirely upon 
the surface of bodies, as a hollow sphere of gold is capa- 
ble of containing just as much electricity as if it were 
solid. Indeed, it seems to be retained merely by the 
pressure of the atmosphere, since, if an insulated body be 
excited and placed under the receiver of the air-pump, it 
loses its electi-icity almost instantly when the air is ex- 
hausted. 

To demonstrate that the electricity of an excited body 
resides upon the surface, let A be a metallic ball sus- 
pended by a silk thread so as to insulate it, and B B two 
thin hollow covers made of gilt paper, and provided with 
glass handles. Then let a spark of electricity be com- 

doESTioN 554. Do flie fluids in excited bodies reeide entirely upon the surface 1 How 
IB this proved experimentally "i 
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Resides at Surface. 

inunicated to the ball A, and the covers B B immediately 
and carefully applied by means of the handles, and then 
removed. Upon examination it will be found that the 
whole of the fluid has been transferred from the ball to 
the covers. 

555. The Spark passes freely in a Vac- 
uum. — The electric spark will pass much 
further in rarefied air than under the full at- 
mospheric pressure. Let A be a glass re- 
ceiver, with a metallic cap cemented on at 
each extremity. Connected with the cap C 
is a st6p-cock and screw, by which it may 
be attached to the air-pump; and also a 
wire, with a knob at the extremity, extend- 
ing a distance into the receiver. Through 
the other cap, B, a wire passes, air-tight, 
with a knob at each extremity. By holding 
this in the hand, by the cap, C, near the 
prime conductor, it will be found the spark 
will pass further when the air has been 
partly exhausted than it would before the 
It is, of course, understood that the wire, B, 
is made to slide in the cap, so that the balls within the 
receiver may be adjusted to different distances from each 
other, as may be necessary. If the experiment is con- 
ducted in a darkened room, when the air in the receiver 




exhaustion. 



QoiiSTiair 555. Will the spark pass further in rarefied air than under the full atmos- 
pheric pressure 1 What is said of the appearance of the electrical liglu, as the flaid 
passes Inrough air highly rarefied 1 
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is highly rarefied, and the ball B held in contact with 
the prime conductor, as the machine is turned, a beauti- 
ful stream of pale light, not unlike that of the aurora 
borealis, will be seen between the balls in the receiver. 
If a receiver several feet long is used, a faint nebulous 
light will be seen to play through its whole length. 

556. Discharge of Electricity. — When a body is 
charged with electricity it may be discharged in three 
different ways. 1. The fluid may be conveyed away by 
a conducting substance, as a wire, extending from the 
excited body to the ground. This is called the conduc- 
tive discharge. 2. The fluid may pass by a spark, as 
when the knuckle is held near an excited body, or when 
the spark is made to pass through the side of a glass vial ; — 
the disruptive discharge. 3. The fluid may be conveyed 
away from an excited body by a motion communicated 
to the particles of air in contact with the body. This 
always takes place to some extent when a body is excited, 
though it is scarcely perceived. It is called the convective 
discharge. By this discharge the fluid collected in a body 
will, in all cases, in process of time, be conveyed away. 

To understand why the particles of air in the vicinity 
of the excited body should be put in motion, it is neces- 
sary only to refer to what takes place when the sus- 
pended pith-ball is brought near it (537.) The particles 
of air are first attracted, and then repelled, each of them 
carrying with it a portion of the electricity of the ex- 
cited body, until it is all discharged. 



INDUCTION OF ELECTRICITY. 

557. When an electrified body is brought near another 
which is unelectrified,(the natural electricity of the latter 
is disturbed by the influence of that accumulated in the 
former ;.' and the term induction is used to indicate the 
general phenomena that ensue. 

Question 556. When a body is charged with electricity, in what three ways may it 
be discharffed ? Why are the particles of air in the vicinity of an excited bof^y put in 
motion ? 557. What is the eflfect when an eleclritied body is brouglu near one that is 
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Let A B be an insu- 
lated cylinder of metal, 
in its natural state, and 
let S be a sphere, coated 
with metal and support- 
ed on an insulating pil- 
lar. Then let a spark 
of positive electricity be 
communicated to the 
sphere, S ; it will in- 
stantly act upon the 
natural electricities oi 
the cylinder, A B, which, upon examination, will be found 
to have positive electricity at the extremity B, and nega- 
tive electricity at the other extremity, A, while near the 
centre, between them, it will be neutral. No electricity, 
it is supposed, has passed from the sphere to the cylinder, 
but the free electricity of the sphere has exerted an influ- 
ence upon the natural electricity of the cylinder, ^decom- 
posing it, and attracting the negative to the end A, and 
repelling the positive to the end B. 

558. If the sphere, S, had been negatively electrified, 
the same effect would have been produced upon the elec- 
tricity of the cylinder, A B, except that the end A would 
have become positive and the end B negative.' Whether 
the sphere were electrified positively or negatively, the 
part of the cylinder furthest from it would have the same 
kind of electricity, and the part next to it the opposite 
kind. In either case, too, on the removal of the excited 
body,(|he natural electricities of the cylinder combine, 
and it again becomes neutral in every part. 

By some the sphere, S, is called the inductive, and the 
cylinder, A B, in this experiment, the inductric body. 

559. If the finger be presented to either end of the cyl- 
inder, A B, while under the influence of the excited 
sphere, S/a spark will be received^ and on the removal 



unelectrified 'f When the excited sphere. S, is brought near the insulated cyliijder, 
A B, what elTf-ct is produced upon the natural electricity lu A. B1 558. If the sphere, 
S, had been neofativelv electrified, what would have been the results If the excited 
body is removed, what will be the effect 1 659. If, while the sphere, S, is near A B, the 
finder is prtseiit^d to one of us euds, what v/iU be the effectl If the sphert be now 
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of the sj^here, A B will not be neutraJ, as before, but there 
will be an excess of one or the other, according as the 
finger may have been presented to the positive or nega- 
tive (558) part of the cylinder. 

If the inductive sphere had been placed near the centre 
of the cylinder, then both extremities would have, the 
same electricity as the sphere, and the centre the opposite 
kindj) In any case that part, or those parts, of the induc- 
tric'(it being supposed to be insulated) furthest from the 
inductive will have the same, and the part nearest to it 
the opposite kind of electricity from that of the inductive. 

560. A good method of 
showing the inductive in- 
fluence of an electrified 
body upon another in its 
vicinity, in its natural 
state, is as follows : — Let 
A B be a metallic cylin- 
der, insulated upon a glass 
pillar, bent over at top so 

as to be attached to the 

Induction. Upper side, and let a couple 

of pith-balls be suspended 
from it by cotton threads at each extremity and at the 
centre. While the cylinder is in its natural state the 
balls will hang vertically, but on bringing near the ex- 
cited sphere, S, the balls at each extremity will diverge 
with freeelectricity, while those in the centre will be un- 
affected. The balls at B diverge with the same kind of 
electricity as is contained in the sphere, S, but the balls 
at A with the opposite kind. 

If the inductric is not insulated, and is of limited extent, 
the whole of it, while under the influence of the induc- 
tive, (will take the opposite kind of electricity, that of the 
same kind naturally existing in it being driven into the 
earth. 
15 

removed, will the cylinder be neurral'7 If the sphere is placed opposite the centre of 
the cylinder, what liind of electr'cify would tlie ends be found to have 1 560. Ifthe cyl- 
inder have several pairs of pith-balls suspended from it by cotton threads, as in the 
next figure, how will those suspendt-rl from differenl parts be affected when the excited 
sphere is brought near one end ? If the inductric is not insulated, and is of limited ex- 
tent, what will be the eft'ict oftlic ii.duciive upon iti 
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561. /We have heretofore seen (544) that similarly- 
electrified bodies repel each other, while bodies dissimi- 
larly electrified attract. , This principle will, no doubt, 
serve to explain the phShomena of induction, as the sep- 
aration of the electricities naturally existing in a body, 
in the manner we have seen, when brought near another 
excited body, seems to be only a natural and necessary 
result of it. 

The particular explanation of the fact will be a little 
different, according as we adopt one or the other of the 
two theories of electricity. Upon the theory of Franklin, 
the excited body, if positive, when it is brought near an 
insulated body, repels the natural electricity to the fur- 
thest part, and of course leaves the part nearest it with 
less than its natural share, or negative ; but if the excited 
body is negative, it attracts the natural electricity of the 
conductor to the part nearest it, and of course leaving 
the opposite part negative, or with less than its natural 
share. 

On the theory of two fluids we must believe that the 
excited body, or inductive, when brought near the insu- 
lated conductor, or inductric, decomposes the natural 
electricity in it, attracting the kind opposite to itself to 
the nearest part of the conductor, and expelhng the kind 
the same as itself. 

We may here see why Jight bodies are attracted when 
brought near an excited body ; they are evidently first 
rendered electrical by the inductive influence of the ex- 
cited body, and then attracted by virtue of their being in 
the opposite electrical state. Electrical attraction 
never takes place between two bodies unless they are in 
opposite states. So, when the attracted body has once 
come in contact with the excited body, it takes a portion 
of its electricity, and is then repelled as having the same 
kind of electricity. 

562. In these experiments nothing but air has been 
supposed to intervene between the excited body called 

Question 561. Why are light bodies attracted when brought near an excited body 1 
Why is the pith-ball of the electrometer repelled after contact with an electrified body 7 
562. Will the inductive influence o( an excited body be exerted through other iion-con- 
i'lztiag substances besides air 1 
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the inductive, and the inductric, or body acted upon ; .but 
the same effect, though in different degrees, will be pro- 
duced through glass, wax, sulphur, or other non-conduct- 
ing substances ; which, when thus used, are called die- 
lectrics. ^ ..C ■-'•' ' 

563. The Electroph^rus. — The elec- 

Jtrophorus, or electricity bearer, is an in- 
strument for readily obtaining small 
quantities of electricity. It consists of 
^^ I ^ ^ 1 1 ^ a circular cake of resin, contained in a 

I - 'I shallow tin dish, C D, and a circular 

c B metallic disc, A Jts, a little smaller than 

The EiectTophm-us. the calce of rcsin,' furnished with an 
insulating handle of glass. To charge 
it, the metallic disc is removed, and the surface of the 
resin rubbed with a piece of dry warm flannel, by which 
it becomes negatively electrified, and is capable of retain- 
ing its electricity for a great length of time. If the me- 
tallic disc, A B, be now placed upon it, by means of its 
insulating handle, its natural electricity will be decom- 
posed by the inductive influence of the resin, its positive 
electricity being attracted to the lower surface, while the 
negative is expelled to the upper surface. If the plate of 
metal is removed by its insulating handle, the electrici- 
ties at once unite as before, and no indications of elec- 
tricity appear; but if, while it rests upon the cake of 
resin, the finger is touched to the upper surface, a spark 
of negative electricity is received ; and, after being re- 
moved from the resin by its insulating handle, it will be 
electrified positively ; that is, an excess of positive elec- 
tricity will be contained in it, and a smart spark of posi- 
tive electricity may be received from it. 

As no electricity is taken from the cake of resin in this 
experiment, if the disc is again applied to it, the same 
results will follow as before for almost any number of 
times. A cake of resin, prepared in this manner, has 
often been known to retain its charge for weeks, and 

Q.UESTION 563. what Is the electrophorus ? What does it consist of? How is il 
charged 1 When the cake of resin is charged by friction, what is the elfect upon the 
natural electricity of the metallic plate when placed upon it ? If the finger te now pre- 
sented to the upper surface of the plate, what will he the etfect 1 If the plate is theij 
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even months, though not without some loss of intensity. 
The electrophorus may therefore often be used as a^ sub- 
stitute for the electrical machine, when only small quan- 
tities of electricity are required. 

The resin cake may easily be prepared by melting to- 
gether two parts of shel-lac and one part of Venice tur- 
pentine, and pouring it, while warm, into the shallow 
metallic dish prepared for it. Care should be taken that 
the surface be made perfectly smooth and even. When 
the surface of the resin is negatively excited, the metal 
composing the dish will always be positive. 

564. An amusing and not uninstructive experiment 
may be performed with the cake of resin thus prepared, 
as follows : — Let it be entirely free from electricity, and 
then touch it in several places with some positively elec- 
trified body, and afterward in several other places with 
another body negatively excited. Then grind together 
some fine red lead and sulphur, and introduce the mix- 
ture into a common hand-bellows, and blow it against 
the face of the cake standing on its edge. The two sub- 
stances will entirely separate from each. other, one adher- 
ing to those points which were touched by the positively 
electrified body, while the other will attach itself only to 
those places touched by the negative body. The reason, 
no doubt, is, that the red lead and the sulphur, by friction, 
become excited, one positively and the other negatively, 

so that, when blown against 
the cake of resin, each is at- 
tracted to those parts of its 
surface which is in the state 
the opposite of its own. 

The red lead dust will attach 
itself to the spots which have 
been negatively electrified, and 
will appear arranged in small 
circles with well-defined edges, 

Experiment mtk Red Lead and l ^ a • j.i_ /: 

sidphuT as shown at A, in the figure, 

removed by its insulating handle, what will be its electrical state ? May this process be 
often reppatPd 1 Will the resin long retain its charge 1 Describe the experiment with 
llje red lead aud sulphur ? 
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but the sulphur will arrange itself in the form of stars on 
the spots that are positive, as at B. 

The resin plate must be wiped perfectly clean with a 
linen towel, some time before it is to be used, so that all 
the electricity excited upon it may be dissipated ; and the 
best method to excite the spots upon it is to charge a Ley- 
den jar (soon to be described) positively or negatively, 
as is required, and, holding it in the hand, to touch the 
plate with the ball at the top. 

565. Electrometers. — There are two kinds 
of electrometers — those which are used sim- 
ply for determining the presence of free elec- 
tricity, and those which are used for deter- 
mining both its presence and its intensity. Of 
the first kind is the suspended pith-ball, of 
which no further description is needed. 

The gold-leaf electrometer is a more sensi- 
tive instrument, and may be used to indicate 
the presence of smaller quantities of electricity. 
It consists of a cylindrical glass vessel, with a 
metallic bottom and a metallic cap at top, from 
which two narrow slips of gold-leaf are suspended in the 
inside. When an electrified body is brought over the 
instrument, the gold leaves are made to 
diverge by the electricity induced in 
them by the excited body. The instru- 
ment is exceedingly dehcate. 

The quadrant electrometer, consists 
of a graduated semicircle of ivory. A, 
attached to an upright support of wood, 
D, and a light index, terminating in a 
pith-ball, C, and moving on a pin fixed 
.^ J in the centre of the graduated semicir- 

^ t:c>. cle. When this instrument is placed on 
^ ^jyj any electrified body, as the prime con- 
ductor of the electrical machine, the 
index is made to rise by repulsion ; and 




Electrometer. 



Quadrant Electrome' 
ter. 



Question 565. What two kinds of electrometers are there? Howie the gold-leaf 
cl^ crromefer constructed 1 How does it show the presence of electricity ? How is the 
quadrant electrometer constructed 1 
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the degree at which it stands is supposed 
to indicate, with some accuracy, the com- 
parative intensity of the charge. 

566. The Leyden Jar. — This piece of 
apparatus has received its name from 
the city of Leyden in Holland, where it 
was invented. It is simply a glass jar or 
vial of convenient size, coated intei-nally 
and externally with tin-foil, except a space, 
some three inches wide, around the mouth. 
For conveniently inserting the inside coat- 
ing, a vial with a wide mouth is usually 
selected. Through a varnished wooden 
cover. A, which closes the mouth, a brass wire passes, 
having a ball at top, and at its lower end a chain, B, 
which extends to the internal coating. 

To charge the jar the knob at top is to be held near 
the prime conductor of the machine, while the machine 
is turned. The positive electricity then collects rapidly 
on the inside coating, and by its inductive influence on 
the outside coating, causes an equal quantity of the nega- 
tive to collect there, at the same time expelling the posi- 
tive naturally contained in it ; so that, when the jar is 
charged, the two surfaces are in opposite electrical 
states. 

567. When charging the jar the outside must not be 
insulated, as in that case the positive fluid which is nat- 
urally contained in it could not escape, and then the in- 
side coating would not receive the positive fluid from the 
prime conductor. 

A series of jars may be charged at the same time by 
connecting the external coating of the first with the knob 
of the second, the external coating of the second with the 
knob of the third, and so on, all except the last being 
supposed to be insulated. Let A B C D be four Leyden 
jars, placed on insulating stools, and connected together 



QlTESTlON 566. From what does the Leyden jar receive its name 1 How is it con- 
structed 1 How is it charged? As the internal surface becomes charged with positive 
electricity, what efTect is produced on the external coating ? 567. Can the jar be 
charged while the external coating is insulated? What is the reason? How may a 
scriesof jarsbe charged at the same time? 

31 
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Jars charged simultaneously. 



as shown in the 
figure, the knob of 
the first, A, being 
connected with 
the prime con- 
ductor. As the 
positive fluid ac- 
cumulates in A, it acts by induction on the outside coat- 
ng, separating its natural electricities, and causing the 
legative to accumulate in it, while the positive passes 
dong the chain to the inside of B. In B the same effects 
are then produced as in A, and so on to the end of the 
series, the outside of the last being connected with the 
floor of the room. 

568. The jar, as usually charged, contains, as we have 
seen, positive electricity in the internal coating and neg- 
ative in the external coating ; but it may be charged 
negatively ; that is, so that the electricities of the coat- 
ings may be the reverse of the above. This is done by 
insulating the outside of the jar, and connecting it with 
the prime conductor, at the same time extending a wire 
from the knob to the table on which the apparatus is 
placed. 

The charge of 
the jar resides in 
the surface of the 
glass and not in the 
coatings of metal 
which serve only 
for conductors. 
This may be shown 
in the following 
manner. Take a 
glass vessel A with 
open top, and pro- 
vide two sets of 
movable coatings, which may be made of common tinned 
iron. Then having arranged one set of the coatings with 




Movable Coatings. 



Question 568. How may the jar be charged negatively 7 Does the charge reside in 
the coatings or in the glass I 
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the glass, as A, in the figure, it will be found that it may- 
be charged and discharged in the ordinary manner. 
Lastly, having charged it with one set of coatings, by 
[careful management these may be removed, and the other 
set, B and C, substituted, and still the charge will be pre- 
served, as will be shown by applying the discharging rod. 
If the coatings first used are examined when first re- 
moved from the glass, they will be found to be quite desti- 
tute of electricity. The fluid is therefore retained in the 
surface of the glass, and the only purpose served by the 
coatings is as conductors. 

569 The Leyden jar is discharged by forming a con- 
nection Detween the internal and external coatings, when 
the two electricities combine with a loud report. By 
making the communication with the hands the fluids pass 
through the system, producing the electric shock. 

To prevent the passage of 

/^ the charge through the person 

^/"""^^ when discharging the jar, the 

/^ discharging-rod is used. This 

^C^^^Si(^^ instrument is made of two stout 

^\^ wires, connected by a joint, 

>s,__^ like a pair of compasses, and 

^^^^ terminated by knobs, and fixed 

Discharging Rod. to an insulating glass handle. 

By means of the joint it may 

be opened to difierent distances, as may be required. 

The Diamond Jar. — Some interesting experiments may 
be performed by means of jars having the coatings inter- 
rupted. Diamond jars are formed by pasting small pieces 
of tin-foil at short distances from each other, both out- 
side and inside, except at the bottom, which is entirely 
covered. Suppose, now, that the knob is connected 
with the prime conductor ; as the chain extends to the 
bottom of the jar, the coating there will become charged 
first, and the fluid will extend upward, on the inside, from 
piece to piece of the coating, producing beautiful scintil- 
lations ; and, at the same time, a similar effect will be 

Question 569. How Is the jar discharged 1 How is the electric shock produo-idl 
What ia the use of the discharging-rod 1 
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Diamond Jar. 



produced on the outside, as the pieces of 
coating become charged with negative 
electricity. 

570. If the jar is provided with a con- 
tinuous metallic coating inside, and the 
outside coated by covering it with solution 
of glue, and sprinkling on it some brass 
filings, when it is connected with the prime 
conductor, as the positive fluid is collect- 
ing in the internal coating, the accumula- 
tion of the negative on the outside will be 
shown by the darting of bright sparks ovei 
it, very much resembling flashes of light- 
ning that are often ?een in the clouds. Around both the 
top and the bottom there should be a strip of tin-foil. 
i^ The Electrical Battery. — Sometimes two or more Ley- 
'^den jars are used together, by connecting all the interior 
coatings by means of wires extending from knob to knob, 
and all their exterior coatings by placing them in a box 
lined with tin-foil. It is then 
called an electrical battery. At A 
is a hook, which connects with 
the external coatings of the jars. 
The effects of the battery are in 
all respects the same as would be 
produced by a single jar with an 
equal amount of surface ; but 
very large jars are always in 
great danger of being broken by 
tne recoil produced when they are discharged. 

571. Experiment with the Ley den Jar and Battery. — 
By means of the Leyden jar many interesting experi- 
ments may be performed, illustrating the nature of this 
subtle element. 

To pass the charge through any body, it is necessary 
only to cause it to make a part of the circuit connecting 
the positive internal coating of the jar with the negative 

Question 570. If a jar is coafed internally with tin-foil and externally with metallic 
filings, what will be the appearance as it is charged 7 What is the etec/rical batteryl 
671. How may the charge of a jar be passed through a body 1 What is the design of 
the universal discharger "i What is the effect of passing the charge through a piece oi 




Electrical Battery. 
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Universal Discharger. 



external coating. The piece of apparatus called the uni- 
versal discharger answers well for this purpose ; which 
consists of two stout brass wires, A and B, supported on 

glass pillars, C and D, by 
caps furnished with joints, so 
as to allow them to turn in 
any direction. They also 
slide in the caps, to allow the 
balls at their extremities to 
be placed at any desired dis- 
tance from each other. At 
E is a table of wood, which 
may be elevated or depressed at pleasure, for the support 
of any substance to be submitted to experiment. 

Let a dry card, or the cover of a book, be placed be- 
tween the knobs of the discharger, and the charge of a 
large jar be made to pass through it. It will be found 
that a hole is pierced quite through it ; and it will be 
burred outward on both sides, as if the force had burst 
outward in both directions from the inside of the card. 

Put a piece of gold-leaf between two pieces of white 
paper, press them lightly together, and place it between 
the knobs of the discharger, so that they may be in con- 
tact with its opposite edges ; after the discharge the paper 
will be found stained of a purple color by the oxyd of 
gold which has been formed. The same effect will be 
produced upon pieces of glass between which a piece of 
gold-leaf has been placed, and made to convey the elec- 
tric discharge ; but usually the glass will be more or less 
broken. 

If the fluid be passed through a piece of loaf-sugar, or 
of fluor spar, it will, for a moment, shine with a feeble 
phosphorescent light. 

By passing the charge through a bunch of cotton or 
tow, over which some powdered resin has been sprinkled, 
it will often be inflamed. 

The smallest spark of electricity is capable of exploding 



dry card or the cover of a book t How may a strip of gold-leaf be oxydized 1 What 
will be the effect of passing a charge through a piece of loaf sugar or fluor spar? 
What other experiments are described 1 How may gunpowder be tired 1 

31* 
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a mixture of oxygen and hydrogen gases. To accom- 
plish this a Leyden jar. is not necessary, a mere spark 
from the prime conductor being sufficient. The spark, 
of course, must be made to pass through a portion of the 
mixture. 

Gunpowder may be exploded by passing through it the 
charge of a Leyden jar, when confined in a small space. 
To succeed well in this experiment a portion of water 
should form a part of the circuit, or a piece of linen or 
cotton cord well soaked in water. But at best the 
experiment will often be found difficult. 

We have seen above (569) the mode in which a person 
receives the electric shock, as it is called ; in the same 
manner a number may receive it at the same instant, by 
grasping each other's hands and forming a line, the per- 
son at one end of the line pressing his hand against the 
outside of the charged jar, and the one at the other end 
presenting his knuckle to the knob. 

572. Velocity of Electricity. — It was long supposed that 
the passage of electricity over conductors is instantane- 
ous, b,ut it is now found such is not the fact, though it has 
not yet been found possible to determine its velocity, 
some' experimenters making it as much as 576,000 miles a 
second, while others make it no more than 18,000. The 
probability is that its velocity is variable, and depends 
upon the nature of the conductor used, and upon the 
mode of exciting the fluid. 

573. The Condenser. — This is a piece of apparatus for 
collecting together or condensing in a small space, so as 
to render its action perceptible, very feeble electricities. 

It consists of two metallic discs, A 
and B, placed face to face, and sep- 
arated only by a coating of resinous 
varnish, with which they are covered. 
The upper plate. A, called the collect- 
ing plate, has attached to its centre a 

glass handle, C, by which it may be 

condenBer. lifted from the condeusing plate, B, and 

Qttestion 572. what is the velocity with which the electric fluid passes over copper 
wire 7 S73. What is the design of the condenser 7' What does it sonsisufl 
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from its edge a wire projects, terminated by a metallic 
knob, D. By this it may be put in connection with 
another body, the electrical state of which it is proposed 
to examine. The condensing plate, B, is supported by a 
metallic stand, and, of course, is uninsulated. 

If we now connect any feebly electrified body with the 
knob, D, a portion of its electricity will be diffused over 
the whole plate. A, and, by its inductive influence, the 
opposite kind will be collected in B (557 ;) this, in turn, 
will react upon A, and thus draw into it, or condense in 
it, a larger quantity of the fluid than it would otherwise 
have possessed. By separating A first from the feebly 
electrified body, and then raising it carefully by its glass 
handle from the plate B, the electricity it contains may 
be examined at leisure. Often a considerable quantity 
may thus be collected in the plate from a body so feebly 
electrified as to be scarcely capable of affecting the nicest 
electrometer. 

If, while the plates are in the position indicated in the 
figure, the disc. A, should be examined by the electrome- 
ter, it would scarcely give any signs of electric excite- 
ment, since most of the fluid contained in it would be 
held there by the opposite electricity of the lower plate. 
This electricity thus concealed in A is called dissimulated 
or Za^ewZ electricity, in opposition to free electricity, which 
alone is capable of acting on the electrometer. 

574. Tlie Hydro-Electrical Machine. — It has recently 
been discovered that electricity is rapidly evolved by a 
jet of steam as it escapes from a common steam-boijer ; 
and it has been determined that it is occasioned by the 
friction of the steam and particles of condensed water 
against the sides of the pipe. This is shown by the fact 
that if the escape pipes are made hot, so that no water 
can be condensed in them, there will be little if any ex- 
citement ; but, on the other hand, if these pipes are kept 
cold, so as to cause much of the steam to be condensed in 
them, when the escape of the steam takes place the sup- 
ply of electricity will be abundant. The water that is 

Qu:bbtion 574. What occasions the electricity developed by a jet of eteam 7 
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condensed in the pipes is driven along with the steam, 
and the electrical excitement is due to its friction against 
the sides of the pipes. 

The hydro-electrical machine consists of a strong 
steam-boiler, which is to be insulated, having many small 
pipes, through all of which the steam may be allowed to 
escape at the same time. As the steam escapes the boiler 
becomes highly charged with negative electricity, in some 
cases throwing off sparks to the distance of two feet, or 
more. 

The eflect is considerably increased if the steam, as it 
escapes, is received upon many iTietallic points, which 
are connected with the earth by means of a conductor. 
If these points are connected with an insulated conductor, 
this conductor becomes positive and the boiler negative. 



OTHER MODES OP EXCITING ELECTRICITY. 

575. By the common electrical machine the electri- 
city, as we have seen, is excited by friction ; but it may 
also be excited by other means, as change of temperature, 
chemical action, and magnetic induction. These three 
modes of electrical excitement give rise to three distinct 
branches of the general science of Electricity, which are 
discussed in the Author's works on Chemistry, and are, 
therefore, omitted here. A brief description of the method 
of exciting electricity by means of magnetism, is here 
given. 

Let A B be an armature of soft iron, with a piece of 
covered copper wire wound several times around it, and 
the two ends brought together as at C ; one end being 
flattened and the other end filed to a point, as represented 
in the figure. If now the armature is suddenly brought 
in contact with the poles of a strong horse-shoe magnet, 
N S, at the moment of contact a spark of electricity 

Question 575. What other modes besides friction are there of exciting electricity 1 
Describe the mode of obtaining a sparls by means of a horse- shoe magnet. 



ELECTRICITY. 



367 



will be seen to pass between the ends of 
the wire at C. The same will also be 
seen when the armature is removed from 
the magnet. The principle is this, as is 
proved by experiment ; when magnetism 
is induced in a piece of soft iron around 
which is placed a hehx of wire, a current 
of electricity is induced in the helix, and 
also when the magnetism of the iron is 
destroyed. In the two cases it passes in 
opposite directions. 

The magneto-electrical machine is rep- 
resented in the following figure. N S 
are the north and south poles of several powerful mag- 
nets, which are firmly held in their places by means of 
supports. In front of them is an armature of soft iron, 




Mag HetO' Electricity, 




MagnetoElectrical Mackine. 

A, which is bent in the form of the letter U, and bound 
with covered copper wire, and the whole made to 
revolve rapidly by means of the multiplying wheel W. 
Now as the armature is made to revolve in front of 
the poles of the magnet, its polarity must be twice 
changed at each revolution, and at each change a 
current of electricity must be induced in the wire, first 



Describe the magneto-slectrical machine. 
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in one direction and then in the opposite. At H are 
two handles of metal which, by means of wires under 
the base-board, connect with the wires C and D, and 
these connect the one with one end, and the other with 
the other end of the wire, which is wound around 
the soft iron armature. Of course, then, at each revolu- 
tion of the armature, a person grasping the handles H 
would receive four currents, — two in each direction ; but 
they are found so feeble as not to be perceptible. But by 
introducing a toothed wheel at O, against which the wire, 
C, is made to press, the currents are interrupted as the 
wire C passes from one tooth to another, and a series of 
powerful shocks are produced, which succeed each other 
in such rapid succession that often the person will be 
unable to relax his hold. 



ATMOSPHEKIC ELEOTKICITT. 

576. The Atmosphere often electrical. — The atmos- 
phere, especially when in a dry state, is, as we have before 
seen (546,) a non-conductor, consequently it is capable 
of retaining either of the electric fluids communicated to 
it; and different portions of it, or different strata, maybe 
in different electrical states at the same time. This, we 
know by experiment, is often the case. Usually, in fair 
weather, the air near the surface(is positive) and the in- 
tensity increases as we ascend, while the surface of the 
earth beneathns negative) In stormy weather, the air 
near the surface is (sometimes positive and sometimes 
negative]? and not unfrequently sudden changes take 
place from one state to the other. 

The usual method of determining the electrical state 
of the air, or that portion of it near the earth^s to 
erect a pointed metallic rod some thirty feet in length, 
and insulate it, connecting its lower extremity only with 
the electrometer, or such other electrical apparatus as it 
■ M ■ 

Qqestion 576. Is atmospheric air a non-conductor;? May diflferent strata of it be 
in opposite electrical states i^-J In fair weather what is usually the state of the air near 
the surface 1 Does the intensity increase upward ^i) What is the state of the surface of 
the earth beneath 1 In stormy weattier what is the state of the air *? What is the usual 
mode of determining the electrical state of the atmosphere ) 
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may be necessary to use. If the electric bells are con- 
nected with the rod, the presence of electricity of suffi- 
cient intensity will always be indicated by their ringing, 
but they will not be affected when the electricity is rery 
feeble.i 

5Tf. Origin of Atmospheric Electricity. — It has not 
yet been satisfactorily determined by what m^ans the 
electricity of the atmosphere is developed. (/Various 
causes have been assigned, as the evaporatiorf^hat is 
constantly taking place at the surface, and the condensa- 
tion of vapors in the upper regions of the atmosphere ;,) 
but recent investigations render it probable that it is oc- 
casioned by the friction of currents of air against each 
other, and against the earth, and also against particles of 
water and other substances which are always floating in 
it. Consequently, vivid lightnings usually attend the 
eruptions of volcanoes, especially in those cases in which 
immense columns of black smoke, composed of dust and 
ashes, are belched forth into the air. This lightning is 
also often attended by thunder. 

578. The clouds, which /are only masses of aqueous 
vapor partially condensed by the cold of the upper strata 
of the atmosphereJ being tolerably good conductors, 
serve to collect the free electricity of the atmosphere, 
and, therefore, often become highly excited, and discharge 
their electricity from one to another, or to the earth, pro- 
ducing all the phenomena of thunder and lightning. 
Franklin, was the first to suggest this explanation of light- 
ning and thunder, about a century ago, and soon after- 
ward proved the truth of his suggestion by actual exper- 
iment. This he did(l)y sending up a large kite, held by 
a hemp string, which conducted the fluid freely down- 
ward, especially as soon as it was moistened a little by 
the falling rain. At the lower end a short piece of silk 
cord was used, in order to insulate it. With this appa- 
ratus he obtained sparks, charged the Leyden jar, and 

Question 577. What probably occasions the electricity of the atraospbere? Are 
lightnings generally seen to attend volcanic eruptions, when immense volumes of dust 
and ashes are belched forth into the air >'^',©78. What are clouds) May they become 
highly excited, and discharge their electricity to the earth yJWho first suggested this 
explauaiion of thmider and' lightning 7 How did he prov^the truth of the suggestion? 
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performed other electrical experiments, which, since his 
day, have often been repeated,) 

579. Thunder Stwms. — A thunder-cloud is to be con- 
sidered the same as any other cloud, except that it is 
charged with electricity. Such clouds, in New England, 
usually make their appearanceun the west or north- west,^ 
in the afternoon or evening, duPing the warm weather oT 
summer, and gradually approach, all the time increasing 
in size and blackness until at length they pass over our 
heads and disappear in the east or south. During the 
whole time frequent lightnings and thunder are taking 
place, with the fall of more or less rain, and sometimes 
hail. Not unfrequently damage is done and lives are lost 
by the lightning striking buildings, trees, and other eleva- 
ted objects. 

The discharge from such a cloud, which we call light- 
ning, differs in nothing, it is believed, from the discharge 
of a spark from the prime conductor of an electrical ma- 
chine, when the knuckle is presented to it, except in the 
quantity and intensity of the fluid. 

580. Let us suppose a cloud positively electrified to be 
passing over a place, the earth and every thing upon its 
surface beneath it for a distance/will become negative by 
induction (557,) and whenever the cloud, in its passage, 
comes sufficiently near the earth, or any object upon its 
surfacef;fa discharge will ensue between the earth and 
cloud.) The distance at which the discharge will take 
place will depend upon circumstances, as the extent of 
the surface of the cloud electrified, its intensity, the con- 
ducting power of the airland vapors contained in it at the 
time, &,c) i CircumstanceSjwill also determine the direc- 
tion the fluid will take, or the object upon the surface 
that will be struck. Other things being equal, the fluid 
always takes the course where the best conductors are 

Question 579. From what part of the heavens do thunder-clouds usually appear to 
rise in New Eng:land 1 Does the discharge from a thunder-cloud diifer essentifUfy from 
the discharge of the spark from the prime conductor of an electrical machine* /580. 
When a cloud positively electrified is passing over a place, what wHl be the electrical 
state of the surface of the earth and oth^ objects beneath it ? When will a discharge 
take place? What -will tlie distance depend upon at which this will take place T 
What will determine the direction the fluid will take? What parts of objects does 
lightning usually strike 7 , 
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situated, but sometimes it will take a course through a 
series of poorer conductors, provided the distance is less 
than through the good conductors. 

Lightning, it is well known, almost^ always strikes^he 
highest objects at their highest point, though there ^re 
occasionally exceptions ; and in its course it often rends 
in pieces the firmest substances, occasionally setting them 
on fire. Sometimes its course can be traced a distance 
in the earth, after leaving the object it first struck, but it 
is generally soon diffused abroad, and its mechanical 
effects cease. All these effects are just such as we might 
expect to be produced by an immense electi'ical machine, 
provided we were able to construct one of sufficient power. 
581. Rolling Sound of Thunder. — When a spark is re- 
ceived from the prime conductor of the machine, or 
when the Leyden jar is discharged, a single report only 
is heard ; whereas /thunder, whicL is merely the report 
of the electric discfrarge Irom the clouds) is often a long- 
continued rolling sound. This, it is believed, is occa- 
sioned by numerous echoes from the masses of cloud 
scattered at various distances from the ear of the ob- 
server, which, of course, will arrive successively to the 
ear, and occasion an apparent repetition (303) of the 
original report. It may be, indeed, as has been suggested, 
that the sound itself is not produced at a single point, but 
along the, whole line constituting the pathway of the 
fluid ; an(^ the original report may then be considered as 
a succession of reports originating at different distances 
from the ear, and though produced all along the line at 

the same instant, 
- ' - B yet necessarily ar- 

riving successively.' 
Thus, let A, 1, 2, 3, 
B, be the path of the . 
fluid at an explosion 
or discharge, and let 
O be the place of 
the observer ; if the 




Question 581. What ie believed to occasion the continued rolling sound of thunder 1 
May the sound be supposed to be produced at difTerent points along the path of the 
fluid f How would this occasion it to apppar protracted to the ear I 

¥-S 32 
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sound is supposed to be produced all along this line, it is 
plain that the soiind from the nearest point, as 1, would 
arrive at O first, then that from other points in succes- 
sion, according to their distance. The effect would evi- 
dently be the same as we witness in the continued rolling 
sound of thunder. And the path of the fluid is not 
straight, but zigzag, backward and forward, as repre- 
sented in the next figure, which we may suppose greatly 
to increase this peculiarity. 




582. Means of Safety during a Storm. — It is well 
known, as has been stated, that lightning usually strikes 
the highest objects at their highest point, but occasionally 
there are exceptions, as represented in the figure ; still 
it is not difficult in ordinary cases for a person during a 
thunder-storm to determine with much certainty the 
place of greatest safety. If a person is in a building, he 
should remove as far as possible from the chimney, the 
soot of which often serves as a very good conductor to 
the fluid, and from any large timbers the house contains, 
especially those leading downward from any part of the 
roof; he should also remove to a distance from any me- 
tallic conductor passing through the house, as a stove- 
pipe, or bell-wire, or pipe for conveying water, as all 
these might convey the fluid directly to him. Probably 

Question 582. Where, within a buildinor, is the position of greatest safety during a 
thunder-storm 1 Will pieces of metal worn about the person increase the danger * 
Wl at pcpbition is considered most secure for a person in the open air 1 What is said 
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no place is more secure than a seat a little elevated in 
the centre of a room. It is well ascertained that pieces 
of metal of any kind carried about the person increase 
the danger. 

In the open air no place is more secure than an open 
field ; and a person lying horizontally would be less likely 
to be struck than if he were standing erect. But the 
danger will be greatly increased by carrying an um- 
brella, or by seeking, as is often done, the shelter of a 
tree. 

583. Distance determined. — The distance of an elec- 
trified cloud may be estimated by noticing the number 
of seconds that elapse after the lightning is seen before 
the thunder is heard. As sound moves about 1125 feet 
(300,) or nearly a fifth of a mile, in a second, while the 
passage of light for so small a distance may be considered 
instantaneous, it is evident the explosion must take place 
at the distance of about a mile for every five seconds of 
time that thus elapse. 

584. Electrical Conductors, or Lightning- Rods. — Light- 
ning rods, or, as the French call them, paratonnerres, are 
metallic rods, attached to buildings and other objects, and 
extending a distance above them, to protect them from 
danger from electric discharges between the clouds and 
the earth. They are usually made of iron, and should 
always extend several feet above the highest point of the 
object to be protected, and terminate in a point ; and 
should also connect at the bottom with the moist earth. ^ 
The rod should not be less than half an inch in diameter, 
and it is of little consequence whether it be round or 
square. It should also be made of as few pieces as pos- 
sible, and these should be brought firmly in contact, as 
by screwing one into the other. If a large building is to 
be protected, there will be an advantage in using several 
smaller rods instead of one large one ; but they should 



of the propriety of seeking shelter under a tree ■! How may the distance of an electri- 
fied cloud be estimated t 583. How far will the cloud be for every five seconds that 
elapse after the lightning is seen before the thunder is heard 1 584. What is the desiga 
of the Ughtning-TOdl How is the lightning-rod madel How should it terminate at 
the top 1 With what should it connect at the bottom t Will there be an advantage lu 
having several rods connected together for a large building % 
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all be connected together, and should have branches ex- 
tending to all the more exposed parts of the building. 

585. The benefit of electrical conductors to buildings 
and other objects liable to injury by being struck by 
lightning is twofold. In the first place, if a discharge ac- 
tually takes place upon the building, the conductor, if 
properly constructed, will almost certainly convey the 
fluid harmless to the ground. Occurrences like this have 
been frequent. And, when buildings unprovided with 
proper electrical conductors, but having metallic wires 
or bars extending through them, have been struck, it has 
generally been found that the fluid has followed the metal 
as far as it extended on its course, and has damaged the 
building only before reaching the metal, or after leaving 
it. It therefore not unfrequently happens, that buildings 
having metallic tubes for conveying the water from the 
eaves downward, when struck by lightning, are injured 
only in the roof, the fluid from this point following the 
tube to the ground. Therefore, when a house is provided 
with metallic water conductors, metallic rods should 
always connect them with the moist earth. The fluid 
would then escape directly to the earth without injury. 

In the second place, electrical conductors attached to 
buildings, when properly connected with the moist earth, 
seem to convey the electricity of the clouds silently to 
the earth, and thus often, no doubt, prevent a disruptive 
discharge, which might otherwise have occurred, and 
done great injury. The effect of presenting a pointed 
conductor in the vicinity of an electrified body we have 
heretofore (548) seen. If a person standing near the 
prime conductor of an electrical machine presents in its 
vicinity the point of his pen-knife, as the machine is 
turned, scarcely any electricity will be collected, as it 
will nearly all be conveyed away by the metallic point. 
And the same effect will be produced upon the electricity 

Question 585. In case a discharge actually takes place upon a building, how does 
the conductor protect it 7 Why are buildings provided with water-conductors, extend- 
ing from the eaves downward, often injured only in the roof 1 Do lightning-conductors, 
in all probability, often convey the electricity of the clouds silently to the earth, and 
thus prevent a disruptive discharge 1 What will be the etfect if a person standing near 
an electrical machine, as it is turned, presents the point of his peu-knife in the vicinity 
of the prime conductor 1 



ELECTRICITY. 375 

of the clouds by pointed conductors pi-esented toward 
them. 

586. When the atmosphere is highly charged with 
electricity the points of bodies projecting into the air 
often appear luminous in the da^'k. This was probably 
the cause of the fire seen upon the points of the spears 
of a division of the Roman army, in ancient times, men- 
tioned in history ; and it is here, too, we are to look for 
an explanation of meteors often seen, during storms, upon 
the extremities of the masts and spars of shipping, called, 
by sailors, Castor and Pollux, or fire of St. Elmo. The 
points of electrical conductors attached to buildings have 
been known to present the same appearance when highly 
electrified cfouds have been passing over them ; and 
there can be no doubt the cause in each case is the 
same. 

587. That conductors attached to buildings do really 
protect them from injury from lightning has been abun- 
dantly proved by actual experiment a thousand times. 
It is a remarkable fact, as Arago suggests, that the tem- 
ple at Jerusalem, which stood from the time of Solomon 
until the year 70 of the Christian era, a period of about 
1000 years, though situated on an eminence in a region 
where thunder-storms are common, we have reason to be- 
lieve, from the silence of history, was never once struck by 
lightning. The reason plainly was, that it was protected 
by its thick gilding, it having been entirely overlaid with 
gold ; and each end of the roof was adorned with a row 
of long lances of iron, which were pointed at top, and 
gilt. Metallic pipes, for water-conductors, also, extended 
from the roof to cisterns constructed under the porch. 
The building was, therefore, admirably protected from 
danger from lightning, in close accordance with the most 
approved principles of modern science. 

588. Water- Spouts and Land- Spouts. — Water-spouts, 
which are often seen at sea^apparently consist (of dense 

. -^,^.:7V^h^...:- ^ 

Question 586. What is said of the appearance in the dark of the points of objects pro- 
jecting in the air when highly electriffed 1 Are meteors often seen by sailors, during 
storms, upon the ends of the masts and spars of ships? 6S7. What reason is pven why 
the temple of Solomon, at Jerusalem, was, as we believe, never struck by lightning? 
688. What do water-spouls apparently consist of! What is the mode ill which they 

32* 



376 



NATURAL PHILOSOPHY. 



columns of aqueous vapor, extending from the clouds to 
the surface of the oceany They are usually observed to 
form as follows :-^ dense black cloud, floating in the 
air, is seen to have forming on its under side an inverted 
cone, which rapidly increases, extending itself down- 
ward ; and the surface of the water beneath, which be- 
fore had been tranquil, begins to be agitated, and appa- 
rently to boil ; and soon an immense column rises, with 
a rapid whirling motion, until it joins the inverted cone 
connected with the cloud, thus forming a whirling pillar 
of dense vapor, reaching from the cloud to the surface of 
the sea^ Not unfrequently, two or more of fhese are 
seen in the immediate vicinity of each other, as repre- 
sented in the figure. 




Water-Spouts. 



The cause of the formation of water-spouts, no doubt, 

(is the highly electrified state, either positive or negative, 

of the clouds, inducing the opposite state in a portion of 

the sea below them.l By the attraction of the opposite 

electricities they are then drawn together, the water of 



nave been observed to form ? What is the cause of their formation 7 Are they often 
attended by lightning and tliunder ? How is their whirling motion accounted for 5 
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the sea rising in the form of spray or vapor, while a por- 
tion of the cloud descends, until the two unite and a com- 
munication is established between them. During the 
continuance of the phenomena, therefore, which some- 
times is only a few minutes, and at others several hours, 
often no lightning or thunder is observed, as the opposite 
electricities are silently discharged through the continu- 
ous conducting medium which is in this extraordinary 
manner established. At other times they are attended 
by violent thunder and lightning, or merely by flashes of 
light without a report. The whirling motionys probably 
produced by the rushing of the surrounding air and 
vapors toward the centre of the influence, where the 
column is formecfi' '■!.;, ,, _ 

589. Ships coming in contact with water-spouts have 
often been inundated with torrents of water, and de- 
stroyed ; but, in some instances, they have escaped. 
When they are seen near a ship of war, the sailors often 
attempt to fire a cannon-shot into them, by which, it is 
said, they may often be broken and destroyed, and the 
danger from them avoided. 

590. (Land- Spouts appear to be produced in the same 
manner as water-spouts, except that they occur over the 
land instead of the sea^ They.are usually attended/by a 
violent whirlwind) which levels every thing in its course, 
destroys building, tears up trees, often removing them, 
and even other heavy bodies, to a considerable distance, 
and by thunder and lightning, with torrents of rain and 
hail. 

591. The passage of highly electrified clouds is some- 
times attended by the production of singular phenomena 
in springs and fountains which have their origin deep be- 
neath the surface. The waters of well-known springs 
have been made to gush forth in unusual and extraordi- 
nary abundance ; and in some instances fissures have 
been formed and streams issued where none had ever be- 
fore been seen. 

692. The Aurora Borealis. — This name, (which signi- 

Qhestion 589. Are ships in clanger of being destroyed in coming in contact with 
theml 590 Vih^laxi Umd-spoutsi With what are they usually attended 3 592. What 
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fiesNonhern Morning, is applied to luminous appearances 
which are, in clear weather, often seen at the north, soon 
after sunset, or later in the night. Sometimes they are 
presented in the form of a diffused white cloud, but more 




Aurora Borealis. 



frequently they consist of luminous rays of various colors, 
issuing in various directions, but always converging to 
the same point. These rays are not permanent, but con- 
stantly change their position in every possible manner, 
sometinvss presenting an appearance like the graceful 




folds of a ribbon or flag agitated by the wind, and then 
dividing into several parts, and forming beautiful curves 
of light, inclosed one within anotherVi Sometimes, in 

fB the Aurora Borealis? Whaf do they sometimes consist of 7 Do they frequently 
change their appearance ? 7 ' 
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the northern states, and places still further north, the 
whole heavens are lit up with them, which, for hours, or 
even during the entire night, continue to flash in every 
direction. 

593. The mode in which this phenomenon is produced 
has not yet been fully established, but enough is known 
to prove conclusively its electrical origin. The streams 
of auroral light in every part of the heavens always tend 

(ioward the same point which is indicated by the direc- 
tion of the south pole of the dipping-needl^(523 ;) here 
they are often seen to unite, forming (a beautiful arch or 
corona!) It is well known, also, that during the occur- 
rence of the aurora ^he magnetic needle is usually more 
or less affected, sometimes oscillating through several de- 
grees) From the established connection between elec- 
tricity and magnetism, (for the discussion of which see 
the Author's work on Chemistry,) this is just what should 
be expected, considering this phenomenon to be produced 
by electricity by some means put in motion in the upper 
regions of the atmosphere. 

594. A popular notion has very extensively prevailed, 
(that the aurora boi'ealis was entirely unknown to the 

ancients, and has been seen only in modern times ; and 
some writers of no little merit have given countenance 
to the error.. This has, no doubt, been occasioned by 
the fact that its occurrence with sufficient brilliancy to 
attract attention has been at very irregular intervals, it 
sometimes disappearing entirely for scores of years, or 
even centuries. But instances of its occurrence are re- 
corded by Aristotle, Cicero, Pliny, and others ; and, be- 
tween the years A. D. 583 and 1751, it is said, that it is 
alluded to in history as having been seen/no less than 
1441 different times'^ 

TTvg 

Question 593. Has it been fully proved how they are produced ? Is it certain they 
are of electrical origii^<^oward what point in the heavens do the streamers of light 
always tend 1 What is oTten formed in this point 1 What is frequently the effect of the 
aurora upon the magnetic needle? Should this be expected from the known connec- 
tion between electricity and magnetism, considering the aurora as the effect of electri- 
city in the upper regions of the atmosphe're4:!^594. What is said of the popular notion 
that has prevailed that the aurora borealis Ijas been seen only in modern times 7 Were 
they seen by the ancients^ How many times is it said to be mentioned in history as 
baviug occurred between the ye^rs A. p. 583 and 1761 1 
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